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The Birimian event in the Baoulé Mossi domain (West African 
Craton) — regional and global context 
MIKAEL GRENHOLM 
Grenholm, M., 2014: The Birimian event in the Baoulé Mossi domain (West African Craton) — regional and 
global context. Dissertations in Geology at Lund University, No. 375, 111 pp. 45 hp (45 ECTS credits).  
Abstract: The crystalline basement of the West African Craton (WAC) was established during the Siderian to 
Orosirian (circa 2.35-1.95 Ga) Birimian event through accretion of extensive tracts of juvenile crust that was tec-
tonically juxtaposed with Archean cratons. The Birimian crust is comprised of volcanic belts and sedimentary ba-
sins that have been intruded by multiple generations of intrusive rocks and experienced several tectonothermal 
events. The basement is mainly exposed in two shields in the northern and southern WAC, respectively, both of 
which are comprised of a western Archean and an eastern Birimian domain. The southern shield is called Man-Leo 
and includes the Archean Man and Birimian Baoulé Mossi domains.  
The aim of this thesis has been to create a preliminary regional-global geodynamic model for the Birimian event 
in the Baoulé Mossi domain using mainly available literature data but also including some new data from Ghana in 
the SE Baoulé Mossi domain. Based on this compilation, the geodynamic evolution of the Baoulé Mossi domain is 
divided into four phases; the Eoeburnean (>2.13 Ga), Eburnean I (2.13-2.10 Ga), Eburnean II (2.10-2.07 Ga) and 
Eburnean III (<2.07 Ga).  
The Eoeburnean phase likely began around 2.4-2.3 Ga and is characterized by the accretion of juvenile crust 
formed in island arcs. A rise in magmatic zircon ages after circa 2.25 Ga may be related to an increase in felsic 
magmatism as a result of crustal thickening and maturation but also increased preservation of accreted island arcs 
as a decrease in the number of active subduction zones may have reduced the rate of crustal recycling. Intrusive 
rocks emplaced during this phase were dominantly sodic granitoids but granites and monzogranites also occur. Tec-
tonothermal and magmatic activity indicate that the Birimian crust in the Baoulé Mossi domain experienced both 
compression and extension during the Eoeburnean phase. By the end of this phase, an eastward dipping subduction 
zone had been established along the western margin of the Birimian crust in the Baoulé Mossi domain. 
Several sedimentary basins in central and SE Baoulé Mossi were established during the Eburnean I phase. The 
opening of the sedimentary basins may have taken place during regional NE-SW dextral shearing leading to block 
rotation and development of N-S sinistral shear zones. This also coincided with the collision between the Archean 
crust of the Man domain and the Birimian crust in the SW Baoulé Mossi domain. The collision also affected the 
extension of the Baoulé Mossi domain in the Guyana shield of the Amazon Craton.  
The Eburnean II phase is the most complex. Westward-directed slab rollback in NW Baoulé Mossi led to ex-
tension within the overriding Birimian crust. This led to the emplacement of high-K intrusive rocks and explosive 
extrusive magmatism in NW Baoulé Mossi, in what may constitute a siliceous large igneous province. Extension 
also led to the opening of younger sedimentary basins in central Baoulé Mossi, possibly along NE-SW oriented 
shear zones established during the Eburnean I phase. Ongoing collision between the Man domain and the Baoulé 
Mossi domain led to crustal thickening and associated high-P granulite facies metamorphism in the SE Man do-
main, possibly around 2.10-2.09 Ga. Granulite facies metamorphism is also recorded in the Archean Amapá block 
in the E Guyana shield at this time. The Amapá block is separated from the Man domain by a wide belt of low-
grade Birimian crust. Simultaneous granulite facies metamorphism in both these areas may be explained by lower 
crustal detachment in hot Birimian crust. This may allow the upper crust to be displaced without significant thick-
ening until it reaches cooler and more rigid crust were thrust belts are developed. Crustal thickening was followed 
by a switch to post-collisional sinistral transpression coupled with emplacement of extensive leucogranites between 
2095-2080 Ma as the sedimentary basins in central Baoulé Mossi were closed. In contrast to other parts of the 
Baoulé Mossi domain, the NE part did not experience any significant magmatic activity during this phase, but may 
have been affected by tectonothermal activity.  
The Baoulé Mossi domain experienced post-collisional extension during the Eburnean III phase that coincided 
with the formation of the Bakhuis UHT-granulite belt in the Guyana shield and decompression melting in the Ar-
chean crust of SE Man domain and the Amapá block. Limited intrusive and extrusive alkalic post-collisional mag-
matism was present within the Birmian crust, which cooled and stabilized between 2.0-1.9 Ga. Limited reactivation 
of the Birimian crust during this period may have taken place in response to far-field events. 
On a global scale, the Birimian event led to the assembly of a continent — here referred to as Atlantica-
Midgardia-Ur — that incorporated continental blocks now present in Africa, South America, India, East Antarctica, 
Western Australia and Eastern Europe, India, Antarctica and Western Australia. The assembly of Atlantica-
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Midgardia-Ur coincided with rifting and breakup among crustal blocks now present in North America, northern 
Europe, North and south-central Australia, East Antarctica and northern Asia. These blocks were subsequently as-
sembled along 2.0-1.7 Ga accretionary belts culminating with the formation of the supercontinent Columbia around 
1.8-1.7 Ga, which also included Atlantica-Midgardia-Ur.  
The assembly of Atlantica-Midgardia-Ur has many similarities with the assembly of Gondwana in the Neopro-
terozoic regarding the timing and duration as well as spatial distribution of tectonothermal and magmatic activity. 
In addition, many of the crustal blocks which formed part of Gondwana also formed part of Atlantica-Midgardia-
Ur. Likewise, the behavior of the crustal blocks in North America, northern Europe, North and south-central Aus-
tralia, East Antarctica and northern Asia during the assembly of Columbia is equivalent to the behavior of these 
blocks during the late Paleozoic (0.3 Ga) assembly of the supercontinent Pangea.  
The assembly of both Atlantica-Midgardia-Ur and Gondwana coincided with distinct positive excursions in 
87Sr/86Sr and δ13C in marine carbonates. The peaks of δ13C excursions coincide with accretionary orogenic activity 
during both the Birimian event and the assembly of Gondwana. Meanwhile, peaks in 87Sr/86Sr during both cycles 
coincide with collisional orogenic activity related to the assembly of Atlantica-Midgardia-Ur and Gondwana, re-
spectively. The similarities between the assembly of Columbia and Pangea indicate that they represent two itera-
tions of a particular type of supercontinent, here called Pangea-type.  
The similarities between the tectonic events and the excursions in 87Sr/86Sr and δ13C indicate that the global tec-
tonic evolution during the Paleo- and Neoproterozoic was fundamentally the same. A supercontinent (Kenorland) 
equivalent to Rodinia should therefore have existed during the Neoarchean-Paleoproterozoic and broken up in a 
similar manner to Rodinia. For this reason, Kenorland and Rodinia, as well as the next supercontinent Amasia, can 
therefore be assumed to represent three iterations of another type of supercontinent, here called Rodinia-type. 
Supercontinent cycles thus record the transition from either a Rodinia- to Pangea-type supercontinent, or vice 
versa. The Rodinia- to Pangea-type supercontinent cycles coincide with periods during which the oxygen concen-
tration in the atmosphere was significantly increased. Rodinia- to Pangea-type supercontinent cycles therefore ap-
pear to be particularly important for the evolution of the atmosphere, biosphere and hydrosphere. 
If Kenorland was the first supercontinent, then a “true” supercontinent cycle corresponds to the breakup of one 
Rodinia-type supercontinent and the subsequent assembly of the next Rodinia-type iteration. In this context, Pangea
-type supercontinents are only transient stages when enough crust is aggregated to form a supercontinent. The 
breakup of Kenorland should have mirrored the “inside-out” breakup of Rodinia in the Neoproterozoic and the on-
going assembly of Amasia. This allows for a reverse schematic reconstruction of the continental blocks of Rodinia 
as they were positioned in Kenorland. 
The consistent behavior of most continental blocks since the breakup of Kenorland suggests that they may be 
divided into three “continental cells”. Each cell is characterized by a particular behavior during a Rodinia- to 
Rodinia-type supercontinent cycle. Transfer of continental blocks between cells may take place during the breakup 
of a Rodinia-type supercontinent. Transfer seemingly occur in a dynamic fashion in which a given cell “loses” a 
block to one cell but at the same time “gains” a block from the other cell. As such, the continental blocks are ro-
tated between the cells even as the size of the cells remains unchanged.  
Although there are differences between successive Rodinia- to Rodinia-type supercontinent cycles — as shown 
by the apparent absence of an Atlantic-type ocean during the Kenorland-Rodinia cycle — they are still controlled 
by the same fundamental cyclicity, which was established during the formation and subsequent breakup of Kenor-
land. 
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MIKAEL GRENHOLM 
Grenholm, M., 2014: Det Birimiska eventet i Baoulé Mossi domänen (Västafrikanska kratonen) — regional och 
global kontext. Examensarbeten i geologi vid Lunds universitet, Nr. 375, 111 sid. 45 hp.  
Abstrakt: Det kristallina urberget  i den Västafrikanska kratonen bildades under det Sideriska till Orosiriska (cirka 
2,35-2,05 Ga) Birimiska eventet genom ackretion av stora volymer av juvenil skorpa, tektoniskt sammanslagen  
med Arkeiska kratoner. Den Birimiska skorpan utgörs av vulkaniska bälten och sedimentära bassänger vilka har 
intruderats av flera generationer av intrusiva bergarter och som påverkats av flera tektonotermala event. Det 
kristallina urberget är i huvudsak exponerat i två sköldar som återfinns i den norra respektive den södra delen av 
den Västafrikanska kratonen. Bägge sköldarna utgörs av en västlig Arkeisk och en östlig Birimisk domän. Den 
södra skölden kallas Man-Leo och utgörs av den Arkeiska Man domänen och den Birimiska Baoulé Mossi-
domänen.  
Syftet med den här uppsatsen har varit att skapa en preliminär regional-global geodynamisk model för det 
Birimiska eventet i Baoulé Mossi domänen genom att utnyttja dels tillgänglig litteraturdata men även ny data från 
Ghana i den SÖ delen av Baoulé Mossi. Baserat på den här sammanställningen har den geodynamiska utvecklingen 
av Baoulé Mossi domänen delats in i fyra faser; Eoeburnean (>2,13 Ga), Eburnean I (2,13-2,10 Ga), Eburnean II 
(2,10-2,07 Ga) samt Eburnean III (<2,07 Ga). 
Den Eoeburniska-fasen inleddes troligen runt 2,4-2,3 Ga och karaktäriseras av ackretion av juvenil skorpa 
bildad i vulkaniska öbågar. En ökning av antalet åldrar från magmatiska zirkoner efter cirka 2,25 Ga kan vara 
relaterat till en ökning av felsisk magmatism som ett resultat av krustal förtjockning och mognad men även genom 
en ökad bevaring av ackreterade öbågar då en minskning av antalet aktiva subduktionszoner kan ha reducerat 
andelen återförd skorpa till manteln. Natriumrika granitoider dominerar denna fas men graniter och monzograniter 
förekommer också. Tektonotermal och magmatisk aktivitet indikerar att den Birimiska skorpan i Baoulé Mossi 
domänen uttsattes för både extension och kompression under den Eoeburniska fasen. Vid slutet av fasen hade en 
östligt stupande subduktionszon etablerats längs den västliga randen av den Birimiska skorpan. 
Flera sedimäntära bassänger i centrala och SÖ Baoulé Mossi etablerades under Eburnean I-fasen. Öppnandet 
av dessa bassänger kan ha ägt rum under regional NÖ-SV dextral skjuvning som ledde till blockrotation och 
bildandet av N-S sinistrala skjuvzoner. Detta sammanföll med kollisionen mellan Arkeisk skorpa i Man domänen 
och Birimisk skorpa i SV Baoulé Mossi. Denna kollision påverkade även förlängningen av Baoulé Mossi-domänen 
som återfinns i Guyana skölden i Amazon kratonen.  
Eburnean II-fasen är den mest komplexa. Västligt orienterad rörelse av den subducerande skorpan i NV 
Baoulé Mossi ledde till extension inom den överliggande Birimiska skorpan. Detta ledde till intrusion av kalium-
rika granitoider samt explosiv eruptiv magmatism i NV Baoulé Mossi i vad som kan utgöra en siliceous large 
igneous province. Extension ledde också till att yngre sedimentära bassänger öppnades i centrala Baoulé Mossi, 
möjligen längs de NÖ-SV orienterade skjuvzoner som bildats tidigare under Eburnean I fasen. Fortsatt kollision 
mellan Man och Baoulé Mossi domänerna ledde till krustal förtjockning och högtrycks granulit-facies metamorfos i 
SÖ Man domänen, möjligen kring 2,10-2,09 Ga. Granulit-facies metamorfos har också påträffats vid den här 
tidpunkten i Amapá-blocket i östra delen Guyana skölden. Amapá-blocket är skiljt från Man domänen av ett brett 
bälte av metamorft låggradig Birimisk skorpa. Samtida granulit-facies metamorfos i bägge dessa områden kan 
förklaras med undre krustal avkoppling i varm Birimisk skorpa. Detta har möjliggjort för den övre krustala delen av 
skorpan att flyta ovanpå den undre. Den kan således förskjutas lateralt utan betydande förtjockning fram tills att den 
stöter på kallare och rigidare skorpa där överskjutning äger rum. Krustal förtjockning följdes av en övergång till 
sinistral post-kollisionsskjuvning kopplat med stora leucogranitintrusioner mellan 2095-2080 Ma när de 
sedimäntära bassängerna i centrala Baoulé Mossi stängdes. I kontrast mot övriga Baoulé Mossi-domänen 
påverkades inte den NÖ delen av någon betydande magmatisk aktivitet under Eburnean II fasen, även om 
tektonotermal påverkan kan ha förekommit.  
Under Eburnean III-fasen genomgår Baoulé Mossi domänen post-kollisions extension som sammanfaller med 
bildanet av Bakhuis UTH-granulitbältet i Guyana skölden och dekopressionsmältning inom den Arkeiska skorpan i 
SÖ Man domänen och Amapá blocket. Begränsad intrusiv och extrusiv alkalisk post-kollisions magmatism 
förekommer också i den Birimiska skorpan som kyldes ner och stabiliserades mellan 2,0-1,9 Ga. Begränsad 
reaktivering kan ha ägt rum som en respons på tektonotermala event utanför den nuvarande Baoulé Mossi-
domänen. 
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På en global nivå ledde the Birimiska eventet till bildandet av en kontinent — här kallad Atlantica-Midgardia-
Ur — som inkluderade kontinentala block som nu återfinns i Afrika, Sydamerika, Västra Australien, Indien, Östra 
Antarktis och Östeuropa. Bildandet av Atlantica-Midgardia-Ur sammanföll med rifting och uppbrott bland krustala 
block som nu återfinns i Nordamerika, Nordeuropa, norra och sydcentrala Australien, Antarktis och norra Asien. 
Dessa block blev sedermera amalgamerade genom 2,0-1,7 Ga ackretions bälten vilket kulminerade i bildandet av 
superkontinenten Columbia runt 1,8-1,7 Ga, vilken också omfattade Alantica-Midgardia-Ur. 
Bildandet av Atlantica-Midgardia-Ur har många likheter med bildandet av Gondwana under Neoproterozoisk 
tid både vad gäller timing och varaktighet såväl som rumslig fördelning av tektonotermal och magmatisk aktivitet. 
Utöver detta var också de krustala block som ingick i Gondwana i mångt och mycket desamma som de som ingick i 
Atlantica-Migardia-Ur. På samma sätt är beteendet hos de krustala blocken i Nordamerika, Nordeuropa, norra och 
sydcentrala Australien, Antarktis och norra Asien under bildandet av Columbia i stort detsamma som de senare 
hade under bildandet av den Senpaleozoiska (0,3 Ga) superkontinenten Pangea. 
Bildandet av både Atlantica-Midgardia-Ur och Gondwana  sammanföll med utpräglade positiva exkursioner av 
87Sr/86Sr och δ13C i marina karbonater. Topparna på exkursionerna av δ13C sammanfaller med ackretionär orogen 
aktivitet under både det Birimiska eventet och bildandet av Gondwana medan topparna på 87Sr/86Sr-exkursionerna 
sammanfaller med efterföljande kollisonsrelaterad orogen aktivitet under amalgameringen av Atlantica-Midgardia-
Ur respektive Gondwana. Likheterna mellan bildandet av Columbia och Pangea indikerar att de representerar två 
iterationer av en särskild typ av superkontinent, här kallad Pangea-typ.  
Likheterna mellan de storskaliga tektoniska förloppen samt exkursionerna i 87Sr/86Sr och δ13C indikerar att den 
globala tektoniska utvecklingen under Paleo- och Neoproterozoisk tid var i grunden densamma. En superkontinent 
(Kenorland) motsvarande Rodinia bör således ha funnits under Neoarkeisk-Paleoproterozoisk tid och fragmenterats 
på ett sätt liknande Rodinia. Tillsammans kan därför Kenorland, Rodinia men även nästa superkontinent Amasia 
antas representera tre iterationer av en annan typ av superkontinent, här kallad Rodinia-typ. 
Superkontinent-cykler skulle då alltså utgöra en övergång från en Rodinia- till Pangea-typ superkontinent, eller 
vice versa. Rodinia- till Pangea-typ superkontinent-cykler sammanfaller med perioder under vilken syre-
koncentrationen i atmosfären höjdes väsentligt. De verkar däför vara särskilt viktiga för utvecklingen av 
atmosfären, biosfären och hydrosfären. 
Om Kenorland var den första superkontinenten så utgörs en ”riktig” superkontinent-cykel av uppbrytandet av en 
Rodinia-typ superkontinent följt av bildandet av nästa Rodinia-typ iteration. Pangea-typ superkontinenter motsvarar 
då bara flyktiga perioder under vilka tillräckligt med kontinental skorpa är ansamlad för att utgöra en 
superkontinent. Uppbrytandet av Kenorland bör ha speglat ”inside-out” uppbrytandet av Rodinia i Neoproterozoisk 
och Paleozoisk tid samt det fortskridande bildandet av nästa superkontinent Amasia. Detta möjliggör en reversibel 
schematisk rekonstruktion av de kontinentala block som utgjorde Rodina såsom de var positionerade i Kenorland. 
Det konsekventa beteendet bland olika kontinentala block sedan uppbrytandet av Kenorland indikerar att de kan 
delas in i tre ”kontinentala celler”. Vardera av dessa celler karaktäriseras av ett speciellt beteende under en Rodinia- 
till Rodinia-typ superkontinent-cykel. Överföring av block mellan celler kan äga rum under uppbrytandet av en 
Rodina-typ superkontinent. Överföringen sker i en till synes dynamisk process i vilken en cell ”förlorar” ett block 
till en cell medan den samtidigt ”erhåller” ett block från den andra cellen. På detta sättet kan kontinentala block 
rotera mellan cellerna utan att dessas storlek förändras. 
Även om det finns skillnader mellan successiva Rodinia- till Rodinia-typ superkontinent-cykler — vilket 
illustreras av en till synes avsaknad av en motsvarighet till den Atlantisk Oceanen under Kenorland-Rodinia cykeln 
— så är de trots detta styrda av samma fundmentala cyklicitet, vilken etablerades under bildandet och det 
efterföljande uppbrytandet av Kenorland. 
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1 Introduction 
Plate tectonics is characterized by two main types of 
orogens; accretionary and collisional (Cawood & Bu-
chan 2007; Cawood et al. 2009). Accretionary oro-
gens, such as Japan or the North American Cordilleras, 
form at long-lived convergent margins where cool and 
dense oceanic crust is subducted into the mantle be-
neath either oceanic or continental crust. Collisional 
orogens, e.g. the Himalayas, form when oceanic crust 
is consumed and two continental plates collide. Accre-
tionary orogens are the primary site of crustal growth 
today (Cawood 2009), but are also sensitive to subduc-
tion erosion whereby crustal material is carried into 
the mantle along with the subducting oceanic crust 
(Scholl & Von Huene 2009; Stern 2011). Collisional 
orogens do not involve significant crustal growth but 
are instead important sites of crustal stabilization and 
preservation as subduction erosion is inhibited 
(Hawkesworth et al. 2009; Condie et al. 2011). 
 The question of when modern-style plate tec-
tonics emerged is an intensely debated topic. The 
Earth may have been as much as 100-300°C warmer in 
the Archean owing to higher radiogenic heat produc-
tion and residual heat from the formation of the Earth 
(van Hunen et al. 2008; Herzberg et al. 2010). This is 
thought to have had a profound effect on early Earth 
geodynamics. While many Archean rocks are compo-
sitionally similar to modern arc-related rocks there are 
nevertheless differing opinions regarding whether 
modern-style subduction of oceanic crust was viable 
on a hotter Earth (e.g. Hamilton 2007; Shirey et al. 
2008). It has been proposed that subduction may have 
been more intermittent in the Archean because the 
oceanic crust and mantle may have been too weak to 
support the dense eclogitic portion of the subducting 
plate (van Hunen & Moyen 2012). Detachment of ec-
logitic crust may have temporarily stalled subduction 
as it would have decreased the effect of slab-pull, 
which is the main driver for subduction of oceanic 
crust in modern-style subduction. Alternatively, the 
Earth may have been dominated by a tectonic regime 
which did not involve subduction of oceanic crust. 
Such a pre-plate tectonic regime may have corre-
sponded to “plume tectonics” in which rising mantle 
plumes erupted on “stagnant-lid” lithosphere to form 
thick successions of mafic lavas (e.g. Cawood et al. 
2006; Bédard 2006; Hamilton 2007). Differentiation 
through lower crustal partial melting of thickened crust 
would have left an eclogitic residue that could subse-
quently founder into the mantle, providing a substitute 
for subducting oceanic plates. Regardless of what tec-
tonic regime dominated the Archean, the transition to 
modern-style plate tectonics was likely gradual reflect-
ing a progressively cooling Earth (Condie & Kröner 
2008; Sizova et al. 2010).   
 Most workers have argued that plate tectonics 
began to operate during the Meso- to Neoarchean* 
(3.2-2.5 Ga, Williams et al. 1991; Dewey 2007; Brown 
2008; Condie & Kröner 2008; Sizova et al. 2010; 
Shirey & Richardson 2011; Nӕraa et al. 2012). Never-
theless, there are those who instead argue that it may 
have begun as early as the Hadean-Eoarchean 
(Cawood et al. 2006; Shirey et al. 2008) or as late as 
the Neoproterozoic (Stern 2005; Hamilton 2007). 
What is clear is that many of the features associated 
with modern-style (Phanerozoic) plate tectonics, such 
as ophiolites and paired metamorphic belts, are either 
rare or absent in the Precambrian (Stern 2005; Brown 
2008; Condie & Kröner 2008). The lack of these fea-
tures has been attributed to the higher the Archean-
Proterozoic geotherm (Brown 2008; Condie & Kröner 
2008). A higher geotherm would have led to thicker 
and more buoyant oceanic crust as melting at spread-
ing ridges must have been more extensive. A thicker 
crust would have been harder to obduct, potentially 
explaining the lack of Precambrian ophiolites. Mean-
while, a higher geotherm would also have meant that 
subducting oceanic crust would not be subjected to 
HP-LT conditions, accounting for the lack of paired 
metamorphic belts before the Neoproterozoic (Condie 
& Kröner 2008). 
 The transition from a pre-plate tectonic to plate 
tectonic regime which, once established, evolved into 
modern-style plate tectonics would also have had con-
sequences for the location of the primary sites of 
magma generation and ultimately, its composition. 
The common occurrence of tonalite-trondhjemite-
granodiorite (TTG)-suites and komatiites (highly mag-
nesian lavas) in Archean crust is attributed to a higher 
geotherm which allowed widespread melting of mafic 
crust and large degrees of melting within the mantle 
(van Hunen et al. 2008; Moyen & Martin 2012). As 
subduction became widespread, and the geotherm was 
lowered, generation of felsic magma is considered to 
have gradually shifted from partial melting of mafic 
crust, either in the lower crust or from subducting oce-
anic crust (Bédard 2006; Martin & Moyen 2012), to 
partial melting of metasomatized peridotite in the man-
tle wedge (Arculus 1994; Tatsumi 2005) and/or more 
fertile crustal rocks, e.g. sediments. The long recog-
nized change in composition of magmatic rocks across 
the Neoarchean-Paleoproterozoic transition has been 
attributed by many authors to the emergence of plate 
tectonics and the secular cooling of the Earth (e.g. 
Condie 1989; Kemp & Hawkesworth 2003; Condie 
2008; Keller & Schoene 2012; Moyen & Martin 
2012).  
 The cooling of the Earth and the emergence of 
plate tectonics is also considered to have led to signifi-
cant changes in the tectonic style of orogens. The early 
Earth is thought by some to have been dominated by 
vertical tectonics characterized by gravitational read-
justment between felsic low-density rocks such as 
TTGs and mafic-ultramafic supracrustals 
(“greenstones”) with a high density (Van Kranendonk 
et al. 2004; Lin 2005; Hamilton 2007; Chardon et al. 
2009). Diapiric rise of felsic crust and simultaneous 
sinking of dense supracrustals are considered to have 
given rise to the “dome-and-keel” structure seen in 
* - The timescale of Gradstein et al. (2004) is used in this thesis 
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many Archean cratons, e.g. the Pilbara Craton in 
Western Australia (Van Kranendonk et al. 2004). 
Movement of rigid plates will instead give rise to hori-
zontal tectonics characterized by lateral displacement 
through shearing or thrusting. Chardon et al. (2009) 
pointed out that the character of orogens is dependent 
on the strength of the lithosphere and thus the tempera-
ture at the Moho. These authors distinguished between 
two orogenic end-member types; ultra-hot (UHO) and 
cold orogens (CO). The former is characterized by a 
weak lithosphere which deforms through distributed 
strain and three-dimensional flow whereas in the latter, 
deformation is localized. While UHO are typical of 
Precambrian orogens and CO of modern, Himalayan-
style orogens, they are not restricted to these time peri-
ods but simply reflect the prevailing geotherm.    
 Constraining when plate tectonics began to 
operate, and whether it differed from today, requires 
detailed studies on Archean and Proterozoic crustal 
domains incorporating petrological, geochemical, geo-
chronological, metamorphic and structural data. One 
area were geodynamics and crust-forming processes 
during the early Paleoproterozoic can be studied is the 
West African Craton (WAC, fig. 1). The basement of 
the WAC is comprised of Archean cratons and juxta-
posed early Paleoproterozoic (late Siderian to early 
Orosirian) crust, which formed during the Birimian 
event (e.g. Abouchami et al. 1990; Boher et al. 1992; 
Fig. 1. Simplified tectonic map of the West African Craton and adjacent Pan-African-Hercynian fold and thrust belts. 
Mesoproterozoic to Recent sedimentary rocks are not depicted. The map has been compiled from the following sources; Man-
Leo shield, Kedougou-Kéniéba, Kayes (Egal et al. 2002; Baratoux et al. 2011), Reguibat shield (Peucat et al. 2005; Schofield et 
al. 2012), Pan-African belts (Persits et al. 2002; Baratoux et al. 2011) and Hercynian belt (Abouchami et al. 1990; Schofield et 
al. 2012). WAC boundaries after Ennih & Liégeois (2008). 
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Ama-Salah et al. 1996; Vidal et al. 1996; Peucat et al. 
2005). The basement is exposed primarily in two 
shields; the northern Reguibat and southern Man-Leo 
(Trompette 1994; Villeneuve & Cornée 1994). The 
Birimian crust consists of greenschist to amphibolite 
facies volcanic belts, sedimentary basins and grani-
toid-gneiss domains that has been affected by multiple 
tectonometamorphic events (e.g. Milési et al. 1989; 
Boher et al. 1992; Ama-Salah et al. 1996; Hirdes et al. 
1996; Peucat et al. 2005; Feybesse et al. 2006; de 
Kock et al. 2009; Baratoux et al. 2011).  
 The origin and geodynamic evolution of the 
Birimian crust is a controversial subject; the debate 
surrounding it reflects the larger debate concerning 
whether plate tectonics were active during the early 
Paleoproterozoic. While some early workers proposed 
that the Birimian rocks had formed on rifted Archean 
continental crust (e.g. Leube et al. 1990) it was argued 
by Abouchami et al. (1990) and Boher et al. (1992) 
that they were — with some exceptions — juvenile. It 
must therefore have formed in an intra-oceanic setting, 
away from the influence of preexisting continental 
crust. From these studies it also became clear that the 
Birimian event constituted a major period of Siderian-
Rhyacian crustal growth.  
 With the recognition that the Birimian crust is 
juvenile, two differing views have emerged regarding 
the geodynamic setting of the Birimian event. On one 
hand there are those workers who propose a setting 
involving plate tectonics. They favor models in which 
the Birimian crust formed in an accretionary orogen 
which developed into a collisional orogen as it col-
lided with Archean continents (e.g. Mortimer 1992a; 
Sylvester & Attoh 1992; Feybesse & Milési 1994; 
Vidal & Alric 1994; Ama-Salah et al. 1996; Hirdes & 
Davies 2002; Pouclet et al. 2006; Baratoux et al. 2011; 
de Kock et al. 2012). On the other hand, there are 
those who argue against the involvement of plate tec-
tonics during the Birimian event and instead propose a 
more “archaic” setting with plume-related mafic vol-
canism and vertical tectonics (Vidal et al. 1996; 
Doumbia et al. 1998; Lompo 2009, 2010; Vidal et al. 
2009). The model proposed by Boher et al. (1992) — 
in which the Birimian crust formed from plume-related 
oceanic plateaus around which subduction zones sub-
sequently developed — assumes an intermediate posi-
tion between the two views.  
 Several studies have been made on Birimian 
rocks in recent years, which have yielded new geo-
chronological, geochemical, structural and metamor-
phic data. However, these studies have focused on 
geographically restricted areas. The only studies with a 
regional scope were conducted in the early 90s (Milési 
et al. 1989, 1992; Feybesse & Milési 1994) but these 
also suffered from a lack of high-quality data such as 
robust radiometric ages or geochemical analyses. 
There is therefore a need for an updated regional syn-
thesis which incorporates the relative wealth of data 
that has become available in the past two decades. 
 The purpose of this work is therefore to attempt 
to develop an internally consistent model for the geo-
dynamic evolution during the Birimian event combin-
ing literature as well as recently collected and unpub-
lished geochemical and geochronological data along 
with published structural and metamorphic data. The 
primary focus will lie on the Birimian crust exposed in 
the Man-Leo shield and Kedougou-Kéniéba and Kayes 
inliers in the southern WAC. However, crust equiva-
lent to the Birimian is not limited to these areas, but is 
also present in the Reguibat shield in the northern 
WAC — as well as in other cratons and orogenic belts 
in Africa, South America, Europe and beyond. It thus 
becomes necessary to place the geodynamic evolution 
of the southern WAC within the context of the tec-
tonothermal and magmatic activity seen in these areas. 
It follows that the plate tectonic movements of the 
WAC — and its participation in various paleoconti-
nental configurations — must therefore also be consid-
ered.  
 
2 Geological setting 
 
2.1 The West African Craton 
 
2.1.1 General outline 
The Archean and Paleoproterozoic basement of the 
West African Craton (WAC) is exposed in the north-
ern Reguibat shield, the southern Man-Leo shield and 
the west-central Kedougou-Kéniéba and Kayes inliers 
(fig. 1, Black 1980; Rocci et al. 1991; Trompette 1994; 
Villeneuve & Cornée 1994). It is overlain by Protero-
zoic to Phanerozoic sediment of the northern Tindouf, 
central Taoudeni and southeastern Volta basins. Both 
the Reguibat and Man-Leo shields can be divided into 
a western and an eastern domain comprised domi-
nantly of Archean and Paleoproterozoic crust, respec-
tively.  
 Although it has been proposed that the Archean 
domains of the Reguibat and Man-Leo shields may be 
connected the presence of the Kedougou-Kéniéba and 
Kayes inliers between them — which only contains 
juvenile Paleoproterozoic rocks — suggest that the 
Archean domains represent separate blocks 
(Abouchami et al. 1990). The Taoudeni basin, like the 
Volta and Tindouf basins, is therefore likely underlain 
by a largely Paleoproterozoic basement. Prior to the 
opening of the Atlantic Ocean the São Luís Craton in 
northeastern Brazil also formed part of the WAC (e.g. 
Trompette 1994; Feybesse et al. 2006). It has a base-
ment of Paleoproterozoic rocks comparable to those 
found in the Man-Leo shield and paleogeographic re-
constructions (Bullard et al. 1965; Onstott et al. 1984) 
position the São Luís Craton south of present day 
Ghana and southeastern Ivory Coast (fig. 2). The base-
ment is exposed in a few scattered domains (fig. 2) but 
is otherwise overlain by younger sediment (e.g. Klein 
et al. 2001). 
 Apart from its southern border, which corre-
sponds to the passive margin at the Atlantic coast, the 
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WAC is delineated by Neoproterozoic to Paleozoic 
fold and thrust belts that are partly covered by younger 
deposits (Trompette 1994; Villeneuve and Cornée 
1994; Ennih & Liégeois 2008). Along the western 
border of the WAC these belts outcrop in the Rocke-
lides, Bassarides and Mauritanides while the northern 
border is marked by the Anti-Atlas and Ougarta inli-
ers. The Hoggar-Iforas belt together with the Gourma 
inlier and, in the southeast, the Dahomeyides, defines 
the eastern border. In Brazil, the São Luís Craton (fig. 
2) is bordered by the Gurupie belt to the southwest and 
the Borborema belt to the east, while the Atlantic coast 
forms its northern border (Trompette 1994; Klein et al. 
2001).  
 All fold and thrust belts originally formed dur-
ing the Neoproterozoic to early Paleozoic Pan-
African-Brasiliano orogenic cycle (Trompette 1994; 
Villeneuve & Cornée 1994; Villeneuve 2005). These 
belts consist of a mixture of Neoproterozoic su-
pracrustals and granitoids together with Archean and 
Proterozoic terranes. Along the margin of the WAC, 
folding and thrusting remobilized the crystalline base-
ment and overlying sedimentary sequences. In the in-
ternal parts of the WAC, the low-grade sedimentary 
strata of the Tindouf, Taoudeni and Volta basins is flat 
and unfolded but may be faulted and fractured. Pro-
terozoic to Paleozoic  sedimentation in the WAC was 
to a large degree controlled by the evolution of the 
fold and thurst belts along its margin. The Mauri-
tanides were remobilized during the late Paleozoic 
Variscan-Hercynian orogeny. 
 
2.1.2 Tectonic evolution 
The WAC has been placed in two paleocontinental 
configurations; Atlantica (Rogers 1996; Zhao et al. 
2004) and Midgardia (Johansson 2009), shown in fig-
ures 3 and 4, respectively. Both of these paleoconti-
nents consist of a nucleus of Archean cratons juxta-
posed with early Paleoproterozoic (Siderian to early 
Orosirian) crust. This core has subsequently grown by 
accretion of Proterozoic — as well as Archean — 
crust. They thus began to be assembled during a time 
interval corresponding to the Birimian event in the 
WAC. Although this period is known by other names 
outside of the WAC (e.g. the Transamazonian event in 
South America, see Brito Neves 2011) all Siderian to 
Orosirian tectonometamorphic activity and magma-
tism in the constituent cratons of Atlantica and 
Midgardia (see below) will be collectively referred to 
as the Birimian event in the following text, unless oth-
erwise noted.   
 The Atlantica paleocontinental configuration 
(fig. 3) was first introduced by Rogers (1996) who 
proposed that it was comprised of the WAC, Congo 
Craton (CC) and West Nile Craton (a part of the Saha-
ran Metacraton (SmC) as defined by Abdelsalam et al. 
2002) in Africa and the São Luís Craton (SLC), Ama-
zon Craton (AC), São Francisco Craton (SFC) and Rio 
de la Plata Craton (RPC) in South America. Rogers 
(1996) based this configuration on the recognition by a 
range of previous workers that cratons in Africa and 
South America shared many lithological, geochro-
nological, structural and paleomagnetic similarities 
(e.g. Torquato & Cordani 1981; Onstott et al. 1984; 
Caen-Vachette 1988; Boher et al. 1992; Ledru et al. 
1994).  
 Although the Kalahari Craton (KC) in southern 
Africa (fig. 3) contains Archean and Rhyacian-
Orosirian crust (e.g. Hanson 2003) it has not been in-
Fig. 2. Pre-Atlantic reconstruction of Africa and South America redrawn from Onstott et al. (1984), based on the fit of Bullard et 
al. (1965). Simplified tectonic maps after Klein & Moura (2001), Egal et al. (2002), Persits et al. (2002), Rosa Costa et al. 2006); 
Macambira et al. (2009) and Baratoux et al. (2011). See figure 1 for legend. The thick, dashed line shows the suggested 
projection between the Tracuateua (T) intrusive suite (Klein et al. 2008) in the São Luís Craton and the lithologically equivalent 
as well as coeval leucogranites in the Comoé-Sunyani basin (e.g. Hirdes et al. 1992; Zitzmann 1997; Vidal et al. 2009). See 
further discussion in section 4.3.3.2.  
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cluded into Atlantica. This appears to be largely due to 
paleomagnetic data obtained by Onstott et al. (1984), 
which showed that the KC has a distinctly different 
paleomagnetic pole at 2.0 Ga compared to the WAC 
and AC. This could mean that these cratons were con-
nected during the Paleoproterozoic but have since been 
displaced relative to each other. Alternatively, it could 
indicate that they did not belong to a common conti-
nent at the time (Onstott et al. 1984; Zhao et al. 2004).      
 As can be seen in figure 3 the oldest Paleopro-
terozoic (2.20-2.05 Ga) domains are found in the 
WAC, AC, SLC, RPC and SFC while those in the CC 
and KC are younger with few ages older than 2.10 Ga, 
the majority being younger than 2.05 Ga (Hanson 
2003). While only early Orosirian ages have been re-
ported from the WAC rocks from this period are com-
mon in both the AC and the SFC (Cordani & Teixeira 
2007; Brito Neves 2011). The onset of Paleoprotero-
zoic activity in Atlantica thus appears to have been 
diachronous. 
 Atlantica is believed to have remained intact 
throughout the Paleo- and Mesoproterozoic (Zhao et 
al. 2004; Neves 2011) during which time it may have 
been incorporated into the supercontinents Columbia 
at 1.9-1.8 Ga (Zhao et al. 2004; Rogers & Santosh 
2009) and Rodinia at 1.0 Ga (Li et al. 2008). Until 
recently no magmatic activity had been recognized in 
the WAC between 1.7-1.0 Ga which at this stage was 
Fig. 3. Schematic map of cratons and thrust and fold belts in Africa and South America. Proterozoic to Recent sedimentary 
cover rocks are not shown. Abbreviations used in the figure: WAC - West African Craton; SmC - Saharan Metacraton; CC - 
Congo Craton; KC - Kalahari Craton; AC - Amazon Craton; SLC - São Luís Craton; SFC - São Francisco Craton; RPC - Rio de 
la Plata Craton. Compiled from Trompette (1994), Klein and Moura (2001), Abdelsalam et al. (2002), Persits et al. (2002), 
Hanson (2003), Milési et al. (2004), Feybesse et al. (2006), Ennih & Liégeois (2008), Macambira et al. (2009) and Rapela et al. 
(2011). 
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considered to have cooled off and cratonized (Ennih & 
Liégeois 2008). However, El Bahat et al. (2013) have 
reported 1.38 Ga ages from dolerite dykes in the Anti-
Atlas showing that at least the northern portion of the 
WAC was affected by Mesoproterozoic activity, which 
these authors proposed may be associated with the 
breakup of Columbia. 
 During the Neoproterozoic Atlantica was frag-
mented into crustal blocks corresponding to the pre-
sent day cratons as Rodinia began to disperse 
(Hoffman 1991; Zhao et al. 2004; Neves 2011). These 
blocks were subsequently reamalgamated along exten-
sive mobile belts during the assembly of Gondwana in 
the late Neoproterozoic-Paleozoic. This cycle of 
breakup and reassembly is known as the Pan-African 
and Brasiliano orogenies in Africa and South America, 
respectively (e.g. Trompette 1994). In addition to juve-
nile Neoproterozoic crust the Pan-African-Brasiliano 
mobile belts also contain a significant amount of Ar-
chean and Paleoproterozoic rocks, either reworked or 
preserved as relatively intact terranes (Trompette 
1994; Neves 2011). Large shear zones are common in 
the mobile belts along which hundreds of kilometers 
of displacement have occurred (Onstott et al. 1984; 
Trompette 1994; Liégeois et al. 2003)  
 During the Pan-African-Brasiliano orogeny, 
basins floored by oceanic crust developed on the west-
ern, northern, eastern and southeastern margins of the 
Fig. 4. The Midgardia configuration, redrawn after Johansson (2009) with minor modifications, of the West African Craton 
(WAC), São Luís Craton (SLC), East European Craton (EEC) and Amazon Craton (AC). The simplified tectonic maps are based 
on the following sources: WAC - Feybesse et al. (2006, in Johansson 2009); EEC - Bogdanova et al. (2008, in Johansson 2009); 
AC - Macambira et al. (2009), with modifications from Rosa Costa et al. (2006). Note that unlike the WAC and AC, the tectonic 
map of the EEC also show covered basement as it is otherwise only exposed in Fennoscandia and parts of Sarmatia (Bogdanova 
et al. 2008). 
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WAC (e.g. Ennih & Liégeois 2008). However, the 
southwestern margin of the WAC, which bordered 
against the AC, does not appear to have developed into 
a oceanic basin but rather remained as an intraconti-
nental rift (Trompette 1994; Neves 2011). Even so, 
Onstott et al. (1984) proposed that significant (1000 
km) dextral strike-slip motion occurred between the 
WAC and AC during the Pan-African-Brasiliano 
orogeny. While the ocean bordering the eastern and 
southeastern margin of the WAC closed during the 
Pan-African-Brasiliano orogeny oceans remained to 
the west and north. These finally closed during the 
late-Paleozoic Variscan-Hercynian orogeny when 
Gondwana merged with Laurasia to form the super-
continent Pangea (Villeneuve and Cornée 1994).  
 Recently, Johansson (2009) proposed that the 
WAC had been connected with the AC (Cordani & 
Teixeira 2007) and East European Craton (EEC, Bog-
danova et al. 2008) in a paleocontinental configuration 
he called Midgardia (fig. 4). In this configuration, the 
current southern margin of the WAC is connected with 
the current northeastern margin of the AC. This con-
nects the Man and Baoulé Mossi domains in the WAC 
with the Imataca Complex and Maroni-Itacaiunas 
province in the AC, respectively. Meanwhile, the 
western margin of the WAC is placed next to the cur-
rent southeastern margin of the EEC. In this position, 
the Archean domains in the Man and Reguibat shields 
are placed next to Archean Sarmatia and Volgo-Uralia 
blocks in the EEC. These two blocks are separated by 
an early Orosirian (2.05 Ga) collisional belt 
(Bogdanova et al. 2008), which connects with the 
Siderian-early Orosirian crust between the Archean 
domains of the Man-Leo and Reguibat shields. As for 
Atlantica, Johansson (2009) also argued that the 
Midgardia configuration remained intact throughout 
the Paleo- and Mesoproterozoic and was only frag-
mented during the Neoproterozoic when the EEC 
broke away from the WAC and AC. 
 Unlike the Atlantica configuration — which 
was drawn by Rogers (1996) using only a pre-Atlantic 
fit of Africa and South America, and which also in-
cluded the Pan-African-Brasiliano mobile belts (his 
figure 5) — the Midgardia configuration is based on 
the position of the constituent cratons during the Pa-
leoproterozoic. This does not mean that the Atlantica 
and Midgardia paleocontinental configurations are 
incompatible. However, the fit of the WAC and AC in 
the Midgardia configuration requires that the other 
cratons in the Atlantica configuration are repositioned 
from their present position as the former configuration 
is not compatible with a simple pre-Atlantic fit of Af-
rica and South America. Given the likely considerable 
movement between the cratons during the Pan-
African-Brasiliano orogeny (e.g. Onstott et al. 1984; 
Liégeois et al. 2003) it appears as if such reorganiza-
tion is at the very least viable. Together, the Atlantica 
and Midgardia configurations could therefore have 
constituted a Proterozoic continent comprising the 
WAC, AC, SLC, EEC, SFC, RPC and CC, in addition 
to Archean and Proterozoic crust now present in 
neighboring Pan-African-Brasiliano mobile belts. 
 
2.2 The Archean and Paleoproterozoic of 
the southern WAC 
The Man-Leo shield lies within the West African 
countries Ghana, Niger, Togo, Burkina Faso, Mali, 
Ivory Coast, Guinea, Liberia and Sierra Leone (fig. 5). 
The Kedougou-Kéniéba Inlier (KKI) lies mostly in 
Senegal but also outcrops in western Mali and north-
ern Guinea. The Kayes Inlier lies almost entirely 
within Mali were it straddles the border to Mauritania. 
The São Luís Craton (SLC) is located in northeastern 
Brazil (fig. 2). 
 The simplified geological map of the Man-Leo 
shield and KKI-KI shown in figure 5 — which will 
feature prominently in the latter parts of this text — is 
adapted from the simplified geological map of Bara-
toux et al. (2011, their figure 1). This map is in turn 
modified from the BRGM SIGAfrique geological map 
of Africa (Milési et al. 2004, in Baratoux et al. 2011). 
However, two important changes have been made to 
the geological map in figure 5 compared to the map of 
Baratoux et al. (2011). In Ghana, the map has been 
redrawn to fit with the recently compiled 1/1000000 
national geological map (Agyei Duodu et al. 2009). 
Similarly, in eastern Guinea, the map has been re-
drawn according to the simplified geological map of 
Egal et al. (2002) which is based on fieldwork in that 
part of the country during the 90s. In this map eastern 
and northeastern Guinea is comprised entirely of 
Birimian rocks, an interpretation which is also sup-
ported by radiometric ages (Pb-Pb on zircon) obtained 
by Egal et al. (2002) from granitoids in this area.  
 However, this conflicts with the map of Bara-
toux et al. (2011) in which large parts of the same area 
is instead marked as Archean. Considering its recent 
date, finer scale and supporting geochronological data 
the map of Egal et al. (2002) is here given precedence 
over that of Baratoux et al. (2011). Since the map of 
Egal et al. (2002) only covers eastern Guinea this com-
bination results in a distinct change of lithological 
units across the Guinean-Ivorian border. This combi-
nation of maps thus creates an apparent thin, north-
south elongate embayment of Birimian rocks in east-
ern Guinea which is surrounded by Archean crust to 
the west, south and east (fig. 5).  
 It can be questioned whether the extent of Ar-
chean crust in northwestern Ivory Coast is as extensive 
as indicated on the map of Milési et al. (2004, in Bara-
toux et al. 2011). Radiometric ages (Pb-Pb and TIMS 
on zircon) obtained by Milési et al. (1989) on or-
thogneisses show that there are indeed Archean rocks 
present in northwestern Ivory Coast, near 
Ziemougoula (fig. 5). However, these are from a re-
stricted area proximal to the Sassandra and Banifin 
shear zones. The reason why such a large area in 
northwestern Ivory Coast has been mapped as Archean 
remains unclear; through the course of this study no 
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explanatory notes have been found for the BRGM SI-
GAfrique geological map. It should be noted that in an 
older regional map of the Man-Leo shield (Milési et al. 
1989, 1992) a much smaller area in northwestern Ivory 
Coast was mapped as Archean — essentially covering 
only the area along the junction of the Sassandra and 
Banifin shear zones near from which Archean ages has 
been obtained. In this earlier regional map the Archean 
crust thus appear as a small domain surrounded by 
Birimian crust. Because of these uncertainties the Ar-
chean crust in northwestern Ivory Coast is shown with 
a cross-hatched pattern in figure 5 to highlight the fact 
that large parts of this crust may actually be Birimian. 
The southern limit of the hatched area is simply the 
eastwards extension of the Archean-Birimian contact 
as seen in Guinea (Egal et al. 2002).  
 As mentioned in section 2.1.1, the Man-Leo 
shield contains a western Archean and an eastern 
Birimian domain. These are called the Man and 
Baoulé Mossi domains, respectively. The boundary 
between these two domains is commonly held to be 
the Sassandra shear zone (e.g. Kouamelan et al. 1997; 
Baratoux et al. 2011). However, it should be noted that 
Archean and Birimian rocks are present on both of its 
sides. Archean rocks (from which Pb-Pb and TIMS 
zircon ages have been obtained) to the east of the Sas-
sandra fault are present both in northwestern (Milési et 
al. 1989) and southwestern (the SASCA domain, Bard 
& Lemoine 1976; Kouamelan 1996) Ivory Coast (fig. 
5). In addition, Sm-Nd isotope data from granitoids 
(sensu lato) indicate that Archean crust is present in 
southeastern Ghana (Leube et al. 1990) and in south-
Fig. 5. Schematic geological map of Birimian rocks of the Man-Leo shield, Kedougou-Kéniéba (KKI) and Kayes (KI) inliers, 
together with Archean crust and adjacent Pan-African and Hercynian fold and thrust belts. Man-Leo shield, KKI and KI after 
Baratoux et al. (2011) with modifications by Egal et al. (2002) and Agyei Duodu et al. (2009). Pan-African and Hercynian fold 
and thrust belts after Abouchami et al. (1990), Persits et al. (2002) and Baratoux et al. (2011). Localities and shear zones 
discussed in the text are given in framed white and transparent white text boxes, respectively. GFB and SSC are abbreviations 
for the Greenville-Ferkéssédougou-Bobo-Dioulasso and Sefwi-Sunyani-Comoé shear zones, respectively. Numbers designates 
references for shear sense along these shear zones; 1 - Kouamelan et al. (1997); 2 - Egal et al. (2002); 3 - Mortimer (1992b), 
Doumbia et al. (1998); 4 - Liégeois et al. (1991); 5 - Vidal & Alric (1994), Vidal et al. (1996); 6 - Jessell et al. (2012); 7 - Milési 
et al. (1989), Baratoux et al. (2011); 8 - Baratoux et al. (2011); 9 - Tshibubudze et al. (2009); 10 - Perrouty et al. (2012); 11 - 
Naba et al. (2004). Small inset shows the extent of the Man and Baoulé Mossi domains as used in this text (see further 
discussion in section 2.2). 
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ern Togo (Agbossoumondé et al. 2007). In addition, 
Birimian rocks occurring in fault-bounded basins are 
present in southeastern Liberia and west-central Ivory 
Coast (Feybesse et al. 1990; Kouamelan et al. 1997). 
There are also Birimian rocks to the west of the Sas-
sandra fault in southeastern Guinea, southwestern 
Ivory Coast and eastern Liberia, which, apart from the 
Sassandra shear zone, appear to be connected with 
Birimian crust to the east. 
 As the Sassandra fault in many instances does 
not correspond to the actual contact between the Ar-
chean and Birimian crust in Man-Leo shield it seems 
unsuitable to use it as a border between the Man and 
Baoulé Mossi domains, if these are indeed meant to 
correspond to the Archean and Birimian crust in the 
Man-Leo shield, respectively. If the Sassandra fault 
were to remain as the boundary it is unclear exactly 
what geological meaning the two domains would have. 
For this reason the Man domain will, in the following 
text, be used for the coherent area of Archean crust in 
the western Man-Leo shield (inset in figure 5). It will 
include the small Birimian domains, such as Ity-
Toulépleu, which are not connected with the larger 
mass of Birimian crust of the Baoulé Mossi domain. It 
will not include the Archean rocks in southwestern and 
northwestern Ivory Coast which instead belong to the 
Baoulé Mossi domain as defined here. In addition, the 
Baoulé Mossi domain will also include the KKI, 
Kayes Inlier and the São Luís Craton. 
 The remainder of this section has been divided 
into three parts. The first two parts will deal with the 
Archean and Birimian geodynamic evolution in the 
southern WAC and São Luís Craton, respectively. As 
such they do not deal specifically with the Man or 
Baoulé Mossi domains although they, by and large, are 
equivalent to Archean and Birimian crust, respec-
tively. Finally, the last section will deal specifically 
with the contact and interaction between the Man and 
Baoulé Mossi domains, including the tectonometamor-
phic overprint on Archean crust during the Birimian 
event.  
 
2.2.1 Archean 
In the Man-Leo shield Archean crust is exposed in 
Sierra Leone, Guinea, Ivory Coast and Liberia. Ar-
chean rocks are largely restricted to the Man domain 
but there also some occurrences within the Baoulé 
Mossi domain (see above). Recent fieldwork and high-
precision geochronology from the Man domain in 
Guinea led Thiéblemont et al. (2004) to revise the 
older lithostratigraphic division of the Archean crust. 
These authors divided the Archean evolution into four 
phases; the pre-Leonian phase (3.6-3.5 Ga), the 
Leonian phase (3.3-3.0 Ga), the Liberian phase (2.9-
2.8 Ga) and a post-Liberian phase (<2.6 Ga).  
 The Pre-Leonian and Leonian phases are repre-
sented by grey gneisses and greenstone belts (Hurley 
et al. 1971; Beckinsale et al. 1980; Rollinson & Cliff 
1982; Kouamelan et al. 1997; Thiéblemont et al. 2001, 
2004). During the Liberian event the pre-Leonian and 
Leonian crust was subjected to medium-P granulite 
metamorphism, crustal anatexis and intruded by gran-
ites and charnockites. Although limited in its extent, 
Sm-Nd isotopic data from the west-central Ivory Coast 
indicate that magmatism during the pre-Leonian and 
Leonian phases was juvenile whereas Liberian mag-
matism was dominated by crustal reworking 
(Kouamelan et al. 1997).  
 Following the Liberian event there appears to 
have been little or no magmatic activity in the Man 
domain. Detrital zircon from minor supracrustal se-
quences (including banded iron formations) in Guinea 
indicate a maximum depositional age of circa 2.6 Ga 
(Billa et al. 1999; Thiéblemont et al. 2004) while their 
minimum age is bracketed by the Birimian event 
which affected the Man domain by circa 2.1 Ga at the 
latest, at which point the Archean crust had stabilized 
to form a craton (see section 2.2.3).  
 Milési et al. (1989) obtained an age of circa 
2.49 Ga (Pb-Pb on zircon) from a granitoid boulder in 
Birimian sediment in the Ziemougoula area in north-
western Ivory Coast (fig. 5). While this age might pos-
sibly stem from mixing or Pb-loss there have been 
reports of 2.50-2.45 Ga granitoids from the Archean 
domain in the Reguibat shield (Schofield et al. 2012; 
Bea et al. 2013), which otherwise have a similar geo-
logical evolution to the Man domain (Potrel et al. 
1996, 1998; Schofield et al. 2012). However, so far no 
such early Paleoproterozoic ages have been reported 
from the Man domain itself. 
 
2.2.2 Birimian 
2.2.2.1 Overview 
Birimian crust is exposed primarily within the Baoulé 
Mossi domain (fig. 5), the exception being two small 
areas (e.g. Ity-Toulépleu) present in the southeastern 
Man domain. For this work, the Birimian crust is di-
vided into three broad lithological groups: volcanic 
belts, sedimentary basins and granitoid-gneiss do-
mains, which follows the classic lithostratigraphic 
divisions of Birimian rocks (e.g. Milési et al. 1989; 
Leube et al. 1990). The sedimentary basins can be fur-
ther subdivided into deep and shallow water (including 
sub-aerial) basins depending on whether they contain 
sediment dominantly deposited in low or high-energy 
environments, respectively. The granitoid-gneiss do-
mains are largely comprised of variably deformed in-
trusive rocks, which are equivalent in age and compo-
sition to those rocks that intrude the volcanic belts and 
sedimentary basins (Doumbia et al. 1998; Gasquet et 
al. 2003; Feybesse et al. 2006; Baratoux et al. 2011). 
Unfortunately, the manner in which the granitoid-
gneiss domains are shown in figure 5 means that sepa-
rate plutons within volcanic belts and sedimentary 
basins are lumped together with the larger continuous 
areas of intrusive rocks and gneisses, the latter of 
which correspond to the actual granitoid-gneiss do-
mains. 
 The volcanic belts and deep water basins are 
equivalent to the volcanic and sedimentary greenstone 
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belts of Baratoux et al. (2011). The shallow water ba-
sins are equivalent to their Tarkwaian-type late basins. 
From a study on the geology of southern Ghana, 
Leube et al. (1990) interpreted the shallow water basin 
in the Ashanti belt to post-date Birimian deformation. 
Consequently, the authors placed them in a separate 
group called the Tarkwaian while the volcanic belts 
and other sedimentary basins were placed within the 
Birimian Supergroup. However, subsequent work on 
the Tarkwaian sediment in Ghana (Eisenlohr & Hirdes 
1992) and other shallow water basins (Zitzmann 1997; 
Baratoux et al. 2011) have shown that they are af-
fected by Birmian deformation. As such, the volcanic 
belts, deep water basins and shallow water basins may 
therefore be considered as part of an all inclusive 
Birimian Supergroup.    
 Granitoid-gneiss domains are the dominant 
lithological unit in the Baoulé Mossi domain and com-
prise approximately 50-60% of its total area (Milési et 
al. 1989). Volcanic belts and deepwater sedimentary 
basins together make up about 30% of the Baoulé 
Mossi domain; the remaining 10% is covered by shal-
low water basins. The São Luís Craton is comprised 
dominantly of granitoid-gneiss domains with subordi-
nate volcanic and sedimentary supracrustals (Klein & 
Moura 2001). 
 The volcanic belts and sedimentary basins often 
have a linear — straight or arcuate — shape with a 
high aspect ratio. However, there are exceptions to this 
pattern as seen in the laterally extensive Comoé-
Sunyani and Siguiri basins in Ivory Coast-Ghana and 
Guinea, respectively (fig. 5). As a whole, the Baoulé 
Mossi domain is characterized by a general north-
northeast to south-southwest structural trend (e.g. Eis-
enlohr & Hirdes 1992; Hirdes et al. 1993; Pouclet et 
al. 2006; Baratoux et al. 2011; de Kock et al. 2012). 
Nevertheless, within this overall regional trend there 
may also be local variations between domains defined 
by different structural trends, e.g. northeast-southwest 
in southern Ghana and eastern Burkina Faso or north-
south in western Burkina Faso and northeastern Ivory 
Coast.  
 The boundaries between the volcanic belts, 
sedimentary basins and granitoid-gneiss domains are 
usually tectonic and delineated by shear zones or faults 
(e.g. Milési et al. 1989; Liegéois et al. 1991; Gueye et 
al. 2007; Baratoux et al. 2011; de Kock et al. 2012). 
Gradual contacts between volcanic belts and sedimen-
tary basins have been reported, e.g. between the Ku-
masi basin and Sefwi belt in southern Ghana (Leube et 
al. 1990; Hirdes et al. 1993). However, it has been 
shown that the rocks of Sefwi belt predate the opening 
of the Kumasi sedimentary basin (e.g. Feybesse et al. 
2006). The apparent gradual contacts must therefore 
be due to other factors. This may include a thin sedi-
mentary cover or post-depositional deformation which 
expose parts of the basement and may give the appear-
ance of gradual contacts, in particular in areas with 
poorly exposed bedrock. 
 
2.2.2.2 Volcanic belts 
The volcanic rocks in the belts are dominantly 
tholeiitic basalts or basaltic-andesites but calc-alkaline 
dacites and rhyolites are also present, with either a 
bimodal or more gradual distribution (Attoh 1982; 
Mortimer 1992a, 1992b; Sylvester & Attoh 1992; 
Hirdes et al. 1993; Ama-Salah et al. 1996; Doumbia et 
al. 1998; Pawlig et al. 2006; Dampare et al. 2008; de 
Kock et al. 2009; Hein 2010; Baratoux et al. 2011). 
The felsic rocks may occur both as intercalated units 
with mafic volcanics (e.g. Milési et al. 1989; Mortimer 
1992b) or as stratigraphically uppermost units grading 
from lower mafic volcanic rocks (e.g. Sylvester and 
Attoh 1992; Dampare et al. 2008; Baratoux et al. 
2011). Pillow structures have been recognized across 
the Baoulé Mossi domain (Milési et al. 1989; Abou-
chami et al. 1990; Sylvester & Attoh 1992; Pawlig et 
al. 2006; Pouclet et al. 2006; Baratoux et al. 2011). 
Although high-Mg basalts occur in at least some belts 
(Mortimer 1992b; Sylvester & Attoh 1992) true ko-
matiites do not appear to be present in the volcanic 
belts. However, such rocks are found in the Niandan 
volcanic range in the Siguiri basin (fig. 5, and see be-
low). Baratoux et al. (2011) found plagioclase-
porphyritic basalts in western Burkina Faso which in 
some cases were comprised of more than 90% plagio-
clase. The authors suggested that these rocks may be 
comparable to anorthosites. 
 Volcaniclastic rocks deposited in proximal to 
distal environments and which may be reworked into 
epiclastic successions appear to occur in all belts. Such 
rocks may be the predominant lithological unit in 
some belts, such as in Fétékro in central Ivory Coast 
(Mortimer 1992b) and Bole in northwestern Ghana (de 
Kock et al. 2009, 2012). The volcanic belts also con-
tain subordinate sedimentary units similar to those 
found in the sedimentary basins (see below), e.g. 
shale, argillite, greywacke, sandstones, conglomerates 
as well as chemical sediment including manganese, 
carbonate and chert (Leube et al. 1990; Mortimer 
1992b; Mucke et al. 1999; Pouclet et al. 2006; Vidal et 
al. 2009).  
 The presence of pillow lavas and hyaloclastites 
seen in volcanic sequences (e.g. Sylvester & Attoh 
1992; Pouclet et al. 2006), in addition to sedimentary 
deposits such as shales and chemical sediments are 
consistent with deposition in an aquatic environment. 
Abouchami et al. (1990) suggested that the volcanic 
rocks formed in ocean basins based on the presence of 
pillow structures and sediment such as manganese 
deposits but also on the juvenile composition of mafic 
volcanic rocks. According to Mucke et al. (1999), the 
Nsuta manganese deposit in the southern Ashanti belt 
of Ghana was deposited in a shallow-marine environ-
ment.  
 Ages obtained from mafic and felsic rocks in 
the volcanic belts indicate that they formed early dur-
ing the Birimian event. An amphibolitic lens in the 
Sefwi belts gave an age (K-Ar on amphibole) of 
2222±32 Ma (Feybesse et al. 2006) while zircon ages 
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from rhyolites in Burkina Faso (Castaing et al. 2003, 
in Hein 2010) and Ghana (Hirdes & Davis 1998) have 
yielded ages of 2238±2 Ma (Pb-Pb) and 2189±1 Ma 
(TIMS), respectively. In the São Luís Craton, Klein et 
al. (2009) dated (Pb-Pb and SHRIMP on zircon) calc-
alkaline dacites and rhyolites to 2160 Ma while Klein 
and Moura (2001) obtained an age of 2240±5 Ma (Pb-
Pb on zircon) from a metapyroclastic rock.  
 
2.2.2.3 Deep water sedimentary basins 
The sedimentary basins are mainly siliciclastic, com-
posed of turbiditic greywackes and mudstones, the 
latter may occasionally be carbonaceous (Milési et al. 
1989, 1992; Hirdes et al. 1993; Vidal & Alric 1994; 
Doumbia et al. 1998; Pouclet et al. 2006; de Kock et 
al. 2009; Baratoux et al. 2011). However, some basins 
may also contain significant amounts of volcaniclas-
tics as well as subordinate volcanic rocks and chemical 
sediment, which include manganese deposits and car-
bonates. Sediment within the deep water basins have 
been referred to as flysch-type sediment by several 
authors (e.g. Milési et al. 1989; Eishenlohr & Hirdes 
1992; Feybesse et al. 2006). It was noted by Hirdes et 
al. (1993) that the transition between different types of 
sedimentary as well as volcaniclastic rocks in the Ku-
masi and Comoé-Sunyani basins in Ghana was grad-
ual, reflecting that they represent different stages of 
reworking of the same source rocks. 
 Detrital zircon obtained from the deep water 
basins indicate maximum depositional ages of 2130-
2120 Ma (Davis et al. 1994; Lüdtke et al. 1998, in 
Baratoux et al. 2011) for sedimentary basins in eastern 
Baoulé Mossi (fig. 5). However, basins to the west, 
including the Bandama-Banfora (Doumbia et al. 
1998), Siguiri (Milési et al. 1989) and Dialé-Daléma 
(Milési et al. 1989; Hirdes & Davis 2002) include 
younger zircons indicating a maximum depositional 
age around 2100 Ma. The maximum and minimum 
ages of intrusive rocks also varies between different 
deep water basins. For example, in the Maluwe basin 
the peak of magmatism occurred between 2135-2118 
Ma (de Kock et al. 2011), for the Kumasi and Haute-
Comoé basins between 2116-2090 Ma (Hirdes et al. 
1992; Hirdes et al. 1996; Oberthür et al. 1998) while 
activity in the Comoé-Sunyani (Hirdes et al. 1992; 
Zitzmann 1997), Bandama-Banfora (Doumbia et al. 
1998), Siguiri (Milési et al. 1989; Liègeois et al. 1991; 
McFarlane et al. 2011) and Dialé-Daléma (Milési et al. 
1989; Hirdes & Davis 2002) basins took place be-
tween 2100-2070 Ma. 
 Mafic to felsic volcanic and volcaniclastic 
rocks intercalated with the sediment have been re-
ported from some basins, e.g. Siguiri (Tegyey & Johan 
1989; Lahondère et al. 2002), Bandama (Doumbia et 
al. 1998; Pouclet et al. 2006), Maluwe (de Kock et al. 
2009, 2012) and Kumasi (Adadey et al. 2009). Mafic 
and felsic dykes have also been reported from different 
basins such as Comoé-Sunyani (Feybesse et al. 2006) 
and Kumasi (Yao & Robb 2000; Feybesse et al. 2006). 
Yao & Robb (2000) reported dolerite dykes near 
Obuasi in the east-central Kumasi basin which were 
cut by granitoids dated to circa 2.10 Ga by Oberthür et 
al. (1998). 
 Notable areas of volcanic rocks within deep 
water basins are the Hérémakono, Niandan and 
Keniero volcanic ranges in the Siguiri basin in central 
Guinea, the Falémé belt in eastern Senegal and the 
Asankangrawa belt in the Kumasi basin in southern 
Ghana (fig. 5). The Niandan and Keniero volcanic 
ranges were deposited in the Siguiri basin around 2.09 
Ga and are coeval with the other widespread intrusive 
and extrusive magmatism in that part of Baoulé Mossi 
(e.g. Milési et al. 1989; Liégeois et al. 1991; Egal et al. 
2002). The Niandan range is composed of a komatiitic 
to basaltic volcanic suite (Tegyey & Johan 1989). 
Such rocks appear to be absent elsewhere within the 
Baoulé Mossi domain with the possible exception of 
scattered outcrops in the northern Ivory Coast (Milési 
et al. 1989). The Keniero range is instead composed of 
bimodal volcanics where basaltic rocks show an affin-
ity with rift-related mafic rocks (Lahondère et al. 
2002, and references therein). The Falémé (Hirdes & 
Davis 2002) and Hérémakono (Lahondère et al. 2002) 
belts contain intermediate to felsic volcanic rocks 
along with abundant volcaniclastic rocks. The Dialé-
Daléma and Siguiri deep water basins — which the 
aforementioned belts occur within (fig. 5) — in places 
also contain significant volcaniclastic deposits (Hirdes 
& Davis 2002; Lahondère et al. 2002). This is also the 
case for the Asankangrawa belt and the Kumasi basin 
(Hirdes et al. 1993; Agyei Duodu et al. 2009). 
 Many lines of evidence indicate that the sedi-
mentary rocks of the deep water basins are derived 
from the volcanic belts. This includes the presence of 
clasts of intrusive rocks found in neighboring volcanic 
belts (Feybesse et al. 2006), the distribution of detrital 
zircon data equivalent to the magmatic ages of intru-
sive and volcanic rocks of the belts (Davis et al. 1994; 
Doumbia et al. 1998; Lüdtke et al. 1998, in Baratoux 
et al. 2011) and the chemical composition of the sedi-
ment, which indicates derivation from both mafic and 
felsic rocks (Asiedu et al. 2009). The sedimentary ba-
sins were likely deposited in marine basins (e.g. Leube 
et al. 1990; Egal et al. 2002; Vidal et al. 2009) al-
though there does not appear to be any studies investi-
gating temporal changes in the depositional environ-
ment with possible transitions between marine and 
lacustrine settings. 
 
2.2.2.4 Shallow water sedimentary basins 
The shallow water basins are filled with siliciclastic 
sediment dominantly made up of sandstones and con-
glomerates with subordinate mudstones (e.g. Milési et 
al. 1989; Leube et al. 1990; Bossière et al. 1996; Zitz-
mann 1997; Pigois et al. 2003; Perrouty et al. 2012). 
The basins are interpreted to have been deposited in a 
subaerial, fluviodeltaic, possibly lacustrine environ-
ment (Zitzmann 1997; Pigois et al. 2003) and are often 
referred to as molasse-type sediment (e.g. Milési et al. 
1989; Turner et al. 1993; Eisenlohr & Hirdes 1992; 
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Feybesse et al. 2006). Detrital zircon studies from de-
posits in western Burkina Faso (Bossière et al. 1996) 
and the Tarkwaian basin in the Ashanti belt in south-
ern Ghana (Davis et al. 1994; Pigois et al. 2003) indi-
cate maximum depositional ages between 2.13-2.12 
Ga.  
 The shallow water deposits in the Tarkwaian 
basin located in the Ashanti belt of southern Ghana 
(fig. 5) are intruded by a post-collisional K-feldspar 
porhyritic granite (Oberthür et al. 1998) and dolerite-
gabbro sills (Pigois et al. 2003; Adadey et al. 2009), 
both of which have been dated to circa 2.10 Ga. 
Unlike the Tarkwaian basin, other shallow water ba-
sins have not been intruded by igneous rocks e.g. the 
sediment located in the Bui belt in west-central Ghana 
(Zitzmann 1997). 
 The basins are mostly found in association with 
volcanic belts which they unconformably overlie (e.g. 
Leube et al. 1990; Pigois et al. 2003; Baratoux et al. 
2011) However, exceptions to this relationship also 
exist, as exemplified by the deposits in the Bui belt 
that overlie the sediment found within the Maluwe 
deep water basin to the north (fig. 5), with which they 
have a gradual or weakly unconformable contact 
(Zitzmann 1997). Nevertheless, the Bui belt is also 
spatially associated with elongate bands of mafic vol-
canics which are parallel with the shallow water de-
posits. 
 The shallow water basins are reported to con-
tain clasts of intrusive, felsic volcanic and sedimentary 
rocks as well as rare mafic volcanics, some of which 
are deformed (Milési et al. 1989; Eishenlohr & Hirdes 
1992; Turner et al. 1993; Pigois et al. 2003). These 
clasts are interpreted to have been derived from older 
Birimian rocks. This is also supported by ages ob-
tained from detrital zircon, which fall between 2240-
2120 Ma (Davis et al. 1994; Bossière et al. 1996; 
Pigois et al. 2003).  
 
2.2.2.5 Intrusive rocks 
Intrusive rocks within the Baoulé Mossi domain ex-
hibit a wide range of compositions. In general, the 
older intrusive rocks (older than about 2.15 Ga) are 
described as belonging to the tonalite-trondhjemite-
tonalite suite (TTGs), commonly containing mafic 
enclaves. Younger rocks are usually more K-rich with 
more abundant sedimentary xenoliths (e.g. Boher et al. 
1992; Hirdes et al. 1992; Doumbia et al. 1998; 
Gasquet et al. 2003; Dioh et al. 2006; Pouclet et al. 
2006; Lompo et al. 2009; Baratoux et al. 2011). In 
addition to quartz and feldspar, biotite, muscovite, 
amphibole and clinopyroxene are common minerals 
found in Birimian intrusive rocks. Cordierite appears 
to be absent. Similarities in composition and age sug-
gest that the granitoid-gneiss domains may be middle 
crustal equivalents to the volcanic belts. Intrusive 
magmatism was ongoing throughout the Birimian 
event and magmatic ages overlap magmatic activity 
seen among volcanic rocks within the volcanic belts 
and the sedimentary basins. However, the available 
ages may not have been obtained from spatially asso-
ciated rocks. 
 There has been a range of classification 
schemes proposed for Birimian intrusive rocks, e.g. 
the classic belt and basin classification used primarily 
in Ghana (e.g. Leube et al. 1990). However, these clas-
sification schemes are only appropriate for certain ar-
eas and fail to incorporate the compositional and struc-
tural diversity of intrusive rocks from the entire 
Baoulé Mossi domain. For example, it was recently 
argued by de Kock et al. (2009) that the belt and basin 
classification should be discarded because the criteria 
it used (based on rocks in southern Ghana) could not 
be applied in any meaningful way to intrusive rocks in 
northwestern Ghana. 
 Although generally referred to as TTGs, gran-
ites and monzogranites are also are also present among 
older intrusive rocks, although they appear to be re-
stricted to around 2200-2190 and 2160-2150 Ma, re-
spectively, at least in eastern Baoulé Mossi (Feybesse 
et al. 2006; Klein et al. 2008; de Kock et al. 2009, 
2011). As such, the magmatism during the early part 
of the Birimian event broadly defines a gabbro-diorite-
tonalite-granodiorite-granite suite, although dominated 
by more sodic compositions. The monzogranites repre-
sent a late pulse of more syenitic magmatism. Ul-
tramafic rocks have also been reported from volcanic 
belts, at least in Ghana (Loh & Hirdes 1999; Attoh et 
al. 2008), the Ivory Coast (Pouclet et al. 2006) and 
Burkina Faso (Béziat et al. 2000).  
 Intrusive rocks from the latter part of the 
Birimian event (younger than about 2.15 Ga) are found 
in both volcanic belts, granitoid-gneiss domains as 
well as in the sedimentary basins that were opened at 
this time. Although K-rich intrusive rocks become 
more common during the later part of the Birmian 
event, it would be wrong to say that this corresponds 
to a trend. Indeed, a more apt description might be that 
the compositional spectrum of Birimian intrusive 
rocks widens, reflecting the appearance of large sedi-
mentary basins and more extensive crustal reworking 
which provides new and more enriched source rocks 
(Hirdes et al. 1992; Doumbia et al. 1998; Gasquet et 
al. 2003; Dioh et al. 2006; de Kock et al. 2009; Bara-
toux et al. 2011). 
 The appearance of extensive sedimentary se-
quences in the source region of magmatic rocks is re-
flected by the intrusion of leucogranites and granites in 
sedimentary basins, with gradual transition into mig-
matites in the surrounding sediment (e.g. Hirdes et al. 
1993; Doumbia et al. 1998; Klein et al. 2008; Vidal et 
al. 2009). Monzogranite and K-rich granites are also 
common (Agyei Duodu et al. 2009; Baratoux et al. 
2011), e.g. the Tenkodogo-Yamba (Naba et al. 2004) 
and the Tonton (Adadey et al. 2009) plutons. To-
nalites, trondhjemites and granodiorites are also pre-
sent in the latter part of the Birimian event, e.g. in the 
Kumasi basin (Hirdes et al. 1996; Doumbia et al. 
1998; Oberthür et al. 1998).  
 The high-Mg Bomburi pluton and late gabbro 
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and alkaline intrusion in the Maluwe basin (de Kock et 
al. 2009), along with the sanukitoid-like Palimé-
Amlamé pluton in Togo (Agbossoumondé et al. 2007) 
show that some intrusive rocks were derived from 
mantle sources also during the later stages (2130-2120 
Ma) of the Birimian event. In southern Mali, Liégeois 
et al. (1991) identified a magmatic suite dated between 
2100-2070 Ma which characterized a high-K calc-
alkaline trend including syeno-, monzo- as well as 
alkali-granites. Granites from this suite display mixing 
relationships with a mafic component.  
 Late K-rich and alkaline intrusions have been 
reported by some workers. Examples include the Nina-
kri syenites (including both quartz saturated and un-
dersaturated variants) in central Ivory Coast (Doumbia 
et al. 1998) and a 2097±3 Ma (TIMS on zircon) K-
feldspar phyric intrusion in the northern Ashanti belt 
(Leube et al. 1990; Oberthür et al. 1998, Agyei Duodu 
et al. 2009). Late alkaline intrusions dated at circa 1.9-
1.8 Ga have also been reported from Burkina Faso 
(Castaing et al. 2003, in Vegas et al. 2008). Multiple 
generations of pegmatites, leuco- and microgranitic 
dykes and quartz veins are also common in many areas 
(e.g. de Kock et al. 2012)  
 There is no direct correlation between the age 
and degree of deformation among different genera-
tions of intrusive rocks. Older intrusive rocks in Ghana 
are commonly more or less undeformed (Leube et al. 
1990) while coeval rocks in northwestern Ghana (de 
Kock et al. 2012) or western Burkina Faso (Baratoux 
et al. 2011) might record multiple periods of deforma-
tion. P-T data obtained by Doumbia et al. (1998) and 
Lompo (2010) from intrusive rocks in the Ivory Coast 
and Burkina Faso indicate that they crystallized at 
pressures between 2-6 Kbar. In Burkina Faso, Béziat 
et al. (2000) estimated that ultramafic-gabbroic cumu-
late rocks had crystallized in a magma chamber where 
pressure exceeded 8 Kbar. 
 
2.2.2.6 Lithostrathigraphy and geochronology 
The lithostrathigraphy of the Baoulé Mossi domain, 
and in particular the relative position (upper or lower) 
of the volcanic belts and sedimentary basins, has been 
a controversial subject (e.g. Milési et al. 1989, 1992; 
Mortimer 1992b; Hirdes et al. 1996). However, since 
precise radiometric ages have become more widely 
available it has been shown that the volcanic belts pre-
date the sedimentary basins in their respective area 
(e.g. Hirdes et al. 1992, 1996; Doumbia et al. 1998; 
Gasquet et al. 2003; Feybesse et al. 2006; Gueye et al. 
2007; Klein et al. 2008, 2009; de Kock et al. 2011; 
Tapsoba et al. 2013). Volcanics and syn-volcanic 
granitoids in the volcanic belts have been dated be-
tween ca 2240-2070 Ma whereas the sedimentary ba-
sins host younger volcanics and granitoids between 
2130-2070 Ma. The granitoid-gneiss domains exhibit 
the same range of ages as the volcanic belts. Limited 
detrital zircon studies from the Kumasi (Davis et al. 
1994; Oberthür et al. 1998), Boromo (Lüdtke et al. 
1998, in Baratoux et al. 2011), Bandama (Doumbia et 
al. 1998) and Dialé-Daléma (Milési et al. 1989) basins 
show maximum depositional ages between 2135-2100 
Ma.  
 There are only a handful of magmatic ages 
younger than 2070 Ma in the Baoulé Mossi domain 
showing the lack of magmatic activity after this period 
(e.g. Gueye et al. 2007; de Kock et al. 2011). Hydro-
thermal xenotime associated with the large lode-gold 
deposits in the Ashanti belt has been dated to 2063±9 
Ma (SHRIMP on xenotime, Pigois et al. 2003) while 
diamond-bearing volcaniclastic dykes intruded the 
Cape Coast basin at 2029±22 Ma (TIMS on titanite, 
Delor et al. 2004). K-Ar and 40Ar/39Ar cooling ages 
from amphibole, biotite and muscovite from the KKI 
(Gueye et al. 2007) and southeastern Ghana 
(Chalokwu et al. 1997; Feybesse et al. 2006) cluster 
around 2050-1900 Ma which records the fading ther-
mal effect of the Birimian event.  
 Although early geochronological data indicated 
a trend of progressively younger ages from the south-
east towards the northwest within the Baoulé Mossi 
domain (Hirdes et al. 1992, 1996; Hirdes & Davis 
2002) an increasing amount of geochronological data 
have shown a more complex distribution of ages (de 
Kock et al. 2011). Hirdes et al. (1996) divided the 
Man-Leo shield and KKI into two subprovinces based 
on the — at the time — available geochronology. 
These subprovinces were the eastern “Birimian” prov-
ince which contained older ages (2185-2150 Ma) com-
pared to the younger western “Bandamian” (<2105 
Ma) province. Hirdes et al. (1996) proposed that they 
were separated by a roughly north-south boundary 
running through western Burkina Faso and central 
Ivory Coast. However, since then ages between 2210-
2150 Ma have been reported from the Mako belt of the 
KKI (Dia et al. 1997; Gueye et al. 2007) and northern 
Guinea (Lahondère et al. 2002), all of which fall 
within the “Bandamian” subprovince as envisaged by 
Hirdes et al. (1996). Although this shows that the 
Man-Leo shield and KKI cannot be divided into two 
age provinces as originally proposed by Hirdes et al. 
(1996) their division highlights that there are differ-
ences between the western and eastern parts of this 
area in that the former — including Guinea (Milési et 
al. 1989; Liégeois et al. 1991; Egal. et al. 2002), north-
western Ivory Coast (Milési et al. 1989) and eastern 
KKI (Milési et al. 1989; Hirdes & Davis 2002) — is 
generally younger (<2100 Ma) than the eastern part of 
the Baoulé Mossi domain. Also, as pointed out by 
Hirdes and Davis (2002), there appears to be a differ-
ence in the maximum depositional ages obtained from 
detrital zircon in different sedimentary basins with 
apparent older ages in southeastern Baoulé Mossi 
(2130 Ma in the Kumasi basin) and younger (2110 to 
2100 Ma) ages towards the northwest.  
 The classic lithostratigraphic division of 
Birimian supracrustals, in which they are grouped in a 
volcanic or a (volcano-) sedimentary unit, is a simplifi-
cation that masks the fact that there may also be sig-
nificant variations within these two broad units, both 
21 
in terms of their rock makeup as well as their age (e.g. 
Mortimer 1992b; de Kock et al. 2012). In other words, 
the two units may contain volcanic belts or sedimen-
tary basins that do not share a common geological 
history as they experienced different types of mag-
matic and tectonothermal activity at different times 
during the course of the Birimian event (e.g. Mortimer 
1992b; Turner et al. 1993; de Kock et al. 2012). For 
example, the Maluwe, Comoé-Sunyani and Kumasi 
basins in Ghana and the Ivory Coast may all be char-
acterized as deep water sedimentary basins but their 
main intrusive magmatic phases are recorded between 
2135-2118 Ma (de Kock et al. 2011), 2095-2080 Ma 
(e.g. Hirdes et al. 1992, 2007; Zitzmann 1997) and 
2116-2090 Ma (e.g. Hirdes et al. 1992; Oberthür et al. 
1998; Adadey et al. 2009), respectively. 
 A source of some confusion, at least histori-
cally, is the presence of volcanic “belts” within the 
sedimentary basins. These include the Hérémakono, 
Niandan and Keniero volcanic ranges in western 
Guinea (Lahondère et al. 2002), the Falémé belt in 
eastern Senegal (Hirdes & Davis 2002) and the 
Asankangrawa belt in the Kumasi basin (Leube et al. 
1990). While these “belts” are coeval with the basins 
in which they occur, early workers (e.g. Milési et al. 
1989; Leube et al. 1990) considered them as belonging 
to the volcanic belts (sensu stricto). Their intrusive 
relationship with the sedimentary basins was thus an 
important reason for considering the sedimentary ba-
sins as the oldest unit. Although this has proved to be 
wrong, as the volcanic belts (sensu stricto) have been 
shown to be the oldest, the presence of volcanic rocks 
within the sedimentary basins nevertheless highlight 
that volcanic activity was active throughout the 
Birimian event. As the volcanic rocks within the sedi-
mentary basins have been linked to crustal extension 
(Milési et al. 1989; Leube et al. 1990; Lahondère et al. 
2002), it also shows that this process was important for 
some volcanic activity during the Birimian event.  
 In a similar manner, it is also generally recog-
nized that different shallow water basins may not be 
coeval, although they generally assume an uppermost 
stratigraphic position within their respective area 
(Milési et al. 1989; Eishenlohr & Hirdes 1992; Turner 
et al. 1993; Bossière et al. 1996; Baratoux et al. 2011; 
Perrouty et al. 2012). In western Burkina Faso, Bara-
toux et al. (2011) proposed that this type of sediment 
(which they called Tarkwaian-type) may be lateral 
facies equivalents to the deepwater sediments depos-
ited in a more proximal setting. 
 
2.2.2.7 Timing of crustal growth 
The Baoulé Mossi domain has been shown to be 
largely juvenile (Abouchami et al. 1990; Boher et al. 
1992; Ama-Salah et al. 1996; Doumbia et al. 1998; 
Gasquet et al. 2003; Pawlig et al. 2006; Klein et al. 
2008; Tapsoba et al. 2013). Sm-Nd model ages tend to 
be no more than 100-300 Ma older than the magmatic 
age of the sampled rocks. The exception are Birimian 
granitoids from southeastern Ghana (Leube et al. 
1990) and southern Togo (Agbossoumondé et al. 
2007) which have been shown, on the basis of Sm-Nd 
isotopic data, to have been derived from an older, Ar-
chean source.  
 Because of their higher metamorphic grade and 
migmatitic nature it was proposed by some early 
workers (Milési et al. 1989, and references therein) 
that gneisses in the granitoid-gneiss complexes corre-
sponded to the basement of the Birimian supracrustals 
in the volcanic belts and sedimentary basins. These 
gneisses, called “Dabakalan” after their type-locality 
in central Ivory Coast, were proposed to have formed 
during a pre-Birimian event called the “Burkinian” 
(Hirdes et al. 1996, and references therein). These 
gneisses have subsequently been shown to be coeval 
with the volcanic belts and are thus high-grade equiva-
lents of other Birimian rocks (Boher et al. 1992; 
Mortimer 1992b; Hirdes et al. 1996). Nevertheless, 
Gasquet et al. (2003) obtained an age of 2312±17 Ma 
(SIMS) from a zircon core in a granitoid from the Da-
bakala area. Since the age of this core coincides with a 
peak in model ages of Birimian rocks it was proposed 
by Gasquet et al. (2003) that it recorded an early (circa 
2.3 Ga) phase of crustal growth in the Baoulé Mossi 
domain. 
 
2.2.2.8 Metamorphism 
The Birimian crust of the Baoulé Mossi domain has 
been regionally metamorphosed in greenschist-
amphibolite facies conditions (Milési et al. 1992; 
Hirdes et al. 1993; John et al. 1999; Klemd et al. 2002; 
Feybesse et al. 2006; Kříbek et al. 2008; Vidal et al. 
2009; Lompo 2010; Baratoux et al. 2011). The meta-
morphic conditions are relatively evenly distributed 
and there appear to be no major inverse metamorphic 
gradients (Vidal et al. 2009; Lompo 2010; Baratoux et 
al. 2011). The volcanic belts tend to have a higher 
metamorphic grade at greenschist-amphibolite facies 
conditions compared to the sedimentary basins which 
commonly are metamorphosed in greenschist facies or 
even at lower grade conditions (Liegéois et al. 1991; 
Doumbia et al. 1998; Feybesse et al. 2006; de Kock et 
al. 2009). However, amphibolite facies metamorphism 
has also been reported from the contacts of granitoid 
intrusions in the sedimentary basins (Hirdes et al. 
1993; Doumbia et al. 1998; Vidal et al. 2009).  
 Quantitative and inferred P-T data obtained 
from regional and contact metamorphic rocks in south-
ern Ghana (Opare-Addo et al. 1993; John et al. 1999; 
Klemd et al. 2002; Galipp et al. 2003), northwestern 
Ivory Coast (Caby et al. 2000) and northeastern Burk-
ina Faso (Debat et al. 2003) generally record condi-
tions between 4-6 kbar and 500-650°C. However, tem-
peratures around 700-800°C were recorded by Opare-
Addo et al. (1993) in the Suhum basin of southeastern 
Ghana and by Caby et al. (2000) in northwestern Ivory 
Coast. Both areas were reported by the authors to be 
migmatitic. Additionally, pressure estimates obtained 
by Opare-Addo et al. (1993) from the Suhum basin 
ranged between 5-8 kbar and thus reach higher pres-
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sures compared to the other studies within the Baoulé 
Mossi domain. In southern Ghana, both John et al. 
(1999) and Galipp et al. (2003) interpreted the amphi-
bolite grade rocks they investigated (in the Ashanti 
and Sefwi belts, respectively) to have followed a 
clockwise P-T-t path and retrograde movement charac-
terized by simultaneous cooling and decompression. 
 There appears to be a tendency for high-grade 
domains to occur in association with Archean crust. In 
southern Ghana, Opare-Addo et al. (1993) noted that 
migmatites in the Suhum basin recorded high P and T 
compared with intrusive rocks in the Ashanti belt. 
Vidal et al. (2009) distinguished a sillimanite isograd 
around the SASCA domain of southwestern Ivory 
Coast implying that higher grade conditions prevailed 
in this domain. As will be further discussed in section 
2.2.3 high grade conditions were also obtained in the 
southeastern Man domain along the contact with the 
Baoulé Mossi domain. These high grade conditions 
contrast with the generally lower grade conditions of 
Birmian crust elsewhere in the Baoulé Mossi domain 
although this may also be due to lack of data.  
 No primary high pressure-low temperature as-
semblages have so far been reported from the Baoulé 
Mossi domain. However, a relict blueschist facies min-
eral assemblage (formed at 10-12 kbar and 400-450°C) 
in greenschist facies volcaniclastic sediment from 
south-central Burkina Faso have been reported by 
Ganne et al. (2012). The authors suggested that such 
assemblages may have been more widespread but have 
been overprinted by later thermal events. 
 Because of the lack of apparent metamorphic 
gradients, the prevalence of greenschist-amphibolite 
facies metamorphic conditions, extensive transcurrent 
shearing and long-lived magmatism it has been argued 
that the crust of the Baoulé Mossi domain must have 
been thin and warm during the Birimian event (Vidal 
et al. 2009; Baratoux et al. 2011). The inferred pres-
ence of vertical tectonics also requires a weak crust in 
order to facilitate gravity-induced movements which 
were recognized by Vidal et al. (2009) in the Nassian 
domain of northeastern Ivory Coast.  
 Using thermal modelling, Harcoüet et al. 
(2007) estimated a mantle heat flow value of circa 30 
mW/m2, corresponding to a temperature of 800-900°C 
at a crustal depth of about 30 km, for southern Ghana 
at 2.1 Ga. These authors noted that such a value is 2-3 
times higher compared to stable cratons with a thick 
lithosphere. Chardon et al. (2009) considered the 
Birimian crust to be an example of an ultra-hot orogen, 
implying a thin lithosphere with Moho temperatures 
greater than 900°C. 
 
2.2.2.9 Shear zones and faults 
The Baoulé Mossi domain is crosscut by abundant 
shear zones and faults (fig. 5). There has been a debate 
concerning whether shallow thrusting or subvertical 
shear zones dominate the structural makeup of the 
Baoulé Mossi domain. Milési et al. (1989) and Fey-
besse and Milési (1994) described a generalized struc-
tural evolution for the Baoulé Mossi domain in which 
an early deformational phase (D1) led to crustal thick-
ening through thrusting while two subsequent defor-
mational phases (D2-3) were instead characterized by 
the development of extensive shear zones. According 
to these authors, the intensity of the different deforma-
tional phases varied in time and place within in the 
Baoulé Mossi domain, with some areas recording 
mainly one of the deformational phases. 
 The model by Milési et al. (1989) and Feybesse 
and Milési (1994) have been challenged by later work-
ers who point to the lack of field evidence for exten-
sive shallow thrusts (e.g. Vidal & Alric 1994; Kouam-
elan et al. 1997; Baratoux et al. 2011) as well as cou-
pled structural and geochronological data that shows 
complex deformational histories in regions which in-
volve multiple generations of shearing (Gasquet et al. 
2003; de Kock et al. 2012). In addition, new structural 
data also indicate that deformation has been active 
throughout the Birimian event, extending back to at 
least 2.20 Ga (Gueye et al. 2008; de Kock et al. 2012; 
Perrouty et al. 2012). Based on structural data from 
synkinematic intrusive rocks in central Ivory Coast, 
Gasquet et al. (2003) suggested that their study area 
had been subjected to the same strain pattern for close 
to 120 Ma. This broadly corresponded to northwest-
southeast to north-northwest-south-southeast compres-
sion and is recorded as discrete deformational events 
related to magmatic activity or formation of sedimen-
tary basins. 
 While thrusting may not have occurred on a 
regional scale along shallow faults, reverse movements 
and thrusting have nevertheless been reported in asso-
ciation with transpressive shear zones (Vidal & Alric 
1994; Egal et al. 2002; Perrouty et al. 2012). In south-
ern Ghana, Feybesse et al. (2006) reported that thrust-
ing had led to the emplacement of high grade rocks on 
underlying lower grade rocks, suggesting that signifi-
cant displacement have occurred. Thrusting followed 
by sinistral shearing has also been reported from the 
Ashanti fault which marks the contact between the 
Kumasi basin and Ashanti belt in Ghana (Perrouty et 
al. 2012). 
 Faults and shear zones within the Baoulé Mossi 
domain may form anastamosing networks,  such as the 
Sassandra shear zone in Guinea (Egal et al. 2002) or 
shear zones in Burkina Faso (Chardon et al. 2009; 
Baratoux et al. 2011). However, they might also be 
more localized, such as the Ashanti fault in Ghana 
(e.g. Perouty et al. 2012). Faults and shear zones 
sometimes show signs of reactivation. Perrouty et al. 
(2012) proposed that the Ashanti fault could have util-
ized a detachment fault formed during the opening of 
the Kumasi basin while different generations of shear-
ing with opposing sense of displacement have been 
reported from the Banifin (Liégeois et al. 1991) and 
Markoye (Tshibubudze et al. 2009) shear zones.  
 Most north-south trending shear zones within 
the Baoulé Mossi domain, such as the N’Zi-Brabo 
(Mortimer 1992b; Doumbia et al. 1998), Ouango-
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Fitini (Vidal and Alric 1994; Gasquet et al. 2003), 
Banifin (Liégeois et al. 1991) and Markoye 
(Tshibubudze et al. 2009) record sinistral lateral dis-
placement (fig. 5). However, the Markoye shear zone 
was also subject to earlier dextral movement 
(Tshibubudze et al. 2009) while the Banifin shear zone 
was reactivated through dextral displacement follow-
ing the main Birimian event (Liégeois et al. 1991). In 
the Baoulé Mossi domain, northeast-southwest trend-
ing shear zones can be both sinistral and dextral. The 
extension of the Sassandra shear zone in Guinea stands 
out by having a northwest-southeast orientation (Egal 
et al. 2002), although it is sinistral as its extension into 
the Ivory Coast where it also bends into a north-south 
orientation (Kouamelan et al. 1997).    
 Late (<2150 Ma) deformation within the 
Baoulé Mossi domain is attributed by many authors to 
west-east or northwest-southeast compression (e.g. 
Eishenlohr and Hirdes 1992; Feybesse & Milési 1994; 
Feybesse et al .2006; Baratoux et al. 2006; de Kock et 
al. 2012). However, Egal et al. (2002) noted that the 
sinistral displacement along the northwest-southeast 
trending Sassandra fault in Guinea required northeast-
southwest compression. The orientation of the stress 
field during the later of the Birmian event was thus 
clearly not equal across the Baoulé Mossi domain. 
Early (>2150 Ma) deformational phases recognized 
within the Baoulé Mossi domain instead record north-
south or northeast-southwest compression which fur-
ther highlights the complex deformational history of 
the Baoulé Mossi domain (Tshibubudze et al. 2009; 
Perrouty et al. 2012). 
 There are few estimates of relative displace-
ment along the shear zones developed during the Ebur-
nean orogeny. Mortimer (1992b) estimated that 40 km 
of sinistral displacement had taken place along the 
north-south N’Zi-Brabo shear zone in central Ivory 
Coast (fig. 5). He based this estimate on the apparent 
relative displacement between two sections of the 
Fétékro belt. Recently, Jessell et al. (2012) proposed 
that extensive shearing (up to 400 km) has occurred 
along a northeast-southwest oriented shear zone lo-
cated at the contact between the Sefwi belt and Sun-
yani-Comoé basin which they called the Sefwi-
Sunyani-Comoé (SSC) shear zone (fig. 5). They ar-
gued that this took place after the emplacement and 
crystallization of the abundant two-mica leucogranites 
in the Sunyani-Comoé basin which have been dated 
between 2095-2080 Ma (e.g. Hirdes et al. 1992; Yao et 
al. 1995, in Vidal et al. 2009). As to the sense of dis-
placement, Jessell et al. (2012) proposed that it was 
dextral but also acknowledged the lack of reliable ki-
nematic indicators to support that conclusion. 
 
2.2.2.10 Geodynamic evolution 
The Baoulé Mossi domain has been subjected to multi-
ple tectonometamorphic events and records a complex 
deformational history. The main phase of tectonometa-
morphic activity occurred between circa 2130-2070 
Ma and is commonly referred to as the Eburnean 
orogeny (e.g. Feybesse et al. 2006; Gueye et al. 2008; 
Baratoux et al. 2011; de Kock et al. 2012). Older tec-
tonometamorphic events (>2150 Ma) have also been 
recognized in Ghana (de Kock et al. 2009, 2012; Per-
routy et al. 2012), Burkina Faso (Boher et al. 1992; 
Tshibubudze et al. 2009; Hein 2010) and the Mako 
belt of the KKI (Gueye et al. 2008). However, the un-
derstanding of these early events is relatively poor due 
to scarce outcrops and overprinting by later events.  
 The Eburnean orogeny is comprised of poly-
phase deformation and metamorphism which led to 
folding and the development of multiple generations of 
shear zones and faults (e.g. Gasquet et al. 2003; Fey-
besse et al. 2006; Hein 2010; Baratoux et al. 2011; 
Perrouty et al. 2012). Deformation during the Ebur-
nean orogeny was also accompanied by intrusion of 
multiple generations of granitoids (e.g. Gasquet et al. 
2003; Baratoux et al. 2011; de Kock et al. 2012). It 
affected all lithological units within the Baoulé Mossi 
domain (including the late shallow water deposits). 
However, its intensity varies and some areas are 
largely unaffected, such as the Nassian domain in 
northeastern Ivory Coast (Vidal et al. 2009).  
 Geodynamic models for the Baoulé Mossi do-
main can be broadly divided into two phases, regard-
less of which tectonic setting (plate tectonic or 
“archaic”) they favor (e.g. Vidal et al. 1996, 2009; 
Feybesse et al. 2006; Pouclet et al. 2006; de Kock et 
al. 2009, 2012; Lompo 2009, 2010; Baratoux et al. 
2011; Perrouty et al. 2012).  
 The first phase, called the Pre-Eburnean by 
Feybesse et al. (2006) or Eoeburnean by de Kock et al. 
(2009, and used here), involves the formation of vol-
canic belts and coeval granitoids in an intra-oceanic 
environment which may have begun as early as circa 
2.35 Ga (Gasquet et al. 2003; Feybesse et al. 2006) 
and lasted until around 2.15-2.13 Ga. This phase in-
volved multiple periods of both compressional and 
extensional deformation (de Kock et al. 2009, Perrouty 
et al. 2012; Hein 2010). According to Feybesse et al. 
(2006), the Eoeburnean phase in southern Ghana 
ended with the intrusion of abundant monzogranites 
between 2.16-2.15 Ga, which they considered as the 
establishment of continental crust. Klein et al. (2008, 
2009) noted a progressive maturation of magmatic 
rocks in the São Luís Craton during the Eoeburnean, 
which they interpreted to reflect the growth of a vol-
canic arc. 
 The second phase comprises the formation of 
sedimentary basins followed by regional deformation 
during the Eburnean orogeny, starting at circa 2130 
Ma. The sedimentary basins are commonly interpreted 
to have formed during extension or transtension of the 
Eoeburnean crust (Vidal & Alric 1994; Feybesse et al. 
2006; de Kock et al. 2012; Perrouty et al. 2012). In 
these cases, the formation of the basins is often consid-
ered as a transitional period between the Eoeburnean 
phase and the subsequent Eburnean orogeny. Closure 
of the basins may also have been partly simultaneous 
with sedimentation (Feybesse et al. 2006). However, 
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in western Burkina Faso, Baratoux et al. (2011) pro-
posed that the Boromo, Houndé and Banfora basins 
could have formed in synclines developed during sus-
tained regional compression. In that case, the estab-
lishment of the basins does not represent a distinct 
stage during the geodynamic evolution of the Baoulé 
Mossi domain but rather the result of continuous con-
vergence.   
 
2.2.3 Man and Baoulé Mossi contact 
Milési et al. (1989) and Feybesse and Milési (1994) 
argued that the Man and Baoulé Mossi contact corre-
sponded to a modern-style fold and thrust belt in 
which nappes of Birimian rocks had been thrust onto 
the Archean crust of the Man domain. However, this 
view has been challenged by subsequent workers in 
the region (Kouamelan et al. 1997; Egal et al. 2002; 
Pitra et al. 2010) who have not found field evidence 
for thrusting as required by the model of Milési et al. 
(1989) and Feybesse and Milési (1994). They have 
instead pointed to structures which indicate lateral 
sinistral displacement between the Man and Baoulé 
Mossi domains along subvertical shear zones in which 
thrusts are absent or only assume a subordinate role. 
 On the basis of the recent work carried out 
along the Man and Baoulé Mossi contact it seems as if 
it can be divided into two parts; one located in the 
southeast and another in the north. These will be dis-
cussed separately below. However, it should be kept in 
mind that data from the contact is scarce and the un-
derstanding of its structure and evolution thus remains 
poor. 
 
2.2.3.1 Southeastern contact 
Working in the Ivorian part of the Man domain, 
Kouamelan et al. (1997) recognized that it could be 
divided into two parts, separated by the Man-Danané 
shear zone (fig. 5). The southern part has a strong 
Birimian tectonometamorphic overprint while the 
northern one is less affected, preserving older Archean 
structures and metamorphic conditions. The southern 
part also includes the Ity-Toulépleu domain (fig. 5) 
which is a fault bounded volcano-sedimentary basin 
intruded by a juvenile (εNd2.1 Ga 3.0-2.7) tonalite (the 
Ity-Toulépleu massif) dated by Kouamelan et al. 
(1997) to 2104±3 Ma (Pb-Pb on zircon). Prior to dat-
ing of the Ity-Toulépleu massif it was considered to be 
Archean by Feybesse et al. (1990) who proposed that 
the Birimian supracrustals were allochthonous, form-
ing a klippe (i.e. the remnants of a nappe) of Birimian 
crust. 
 Thermobarometric studies from the southeast-
ern Man domain show that it was subjected to HP-HT 
(750-1000°C and 13-14 kbar) metamorphism during 
the Birimian event (Triboulet & Feybesse 1998; Pitra 
et al. 2010). In addition, Triboulet and Feybesse 
(1998) reported a counter-clockwise P-T-t path based 
on two metabasitic samples with lower peak P-T con-
ditions at 6.5-8 kbar and 630-670°C. Pitra et al. (2010) 
also reported a cooling path from peak conditions at 13 
kbar and 750°C to <7 kbar and 700-800°C. 
 Temporal constraints on the Birimian tectono-
metamorphic overprint in the southeastern Man do-
main is provided by Kouamelan et al. (1997) and Co-
cherie et al. (1998). Kouamelan et al. (1997) dated 
high-grade rocks (granulite, kinzigite, migmatite) us-
ing Sm-Nd isochrons (whole rock, garnet, feldspar) 
and obtained ages between 2250-2200 Ma and 2050-
2030 Ma. Cocherie et al. (1998) also obtained ages 
between 2050-2030 Ma on monazites (electron micro-
probe (EMP)) from migmatitic gneisses. The 2250-
2200 Ma regressions from Kouamelan et al. (1997) 
have high MSWD (17-25) and could be rotated due to 
mixing between Archean and Birimian components. 
This interpretation is supported by an age of 2048±44 
Ma (EMP on monazite) which Cocherie et al. (1998) 
obtained from a sample that Kouamelan et al. (1997) 
dated to 2203±21 Ma using a Sm-Nd isochron (garnet, 
whole rock, plagioclase). Ages between 2050-2020 
Ma have also been obtained from granitoids (SHRIMP 
on zircon) and gneisses (SHRIMP on zircon rims) in 
southeastern Guinea (Thiéblemont et al. 2004).  
 The monazite ages obtained by Cocherie et al. 
(1998) were interpreted to record migmatization, 
which is further supported by the presence of coeval 
granitoids from southeastern Guinea dated to 2050-
2020 Ma (Thiéblemont et al. 2004). Pitra et al. (2010) 
proposed that this migmatization was contemporane-
ous with the peak P-T conditions they had estimated at 
13 kbar and 750°C. The metabasitic sample Pitra et al. 
(2010) studied had previously been dated to 2031±13 
Ma by Kouamelan et al. (1997) using a Sm-Nd 
isochron (garnet, whole rock, plagioclase). According 
to Pitra et al. (2010) this age could either record the 
peak or retrograde conditions they had obtained from 
their thermobarometric study since the closure tem-
perature of Sm-Nd in garnet (700-800°C)  straddles 
the metamorphic temperatures they had estimated.  
 Pitra et al. (2010) also discussed the possibility 
that the HP-HT granulite facies conditions they ob-
tained could instead be Archean while the retrograde 
conditions corresponded to a Birimian overprint. How-
ever, they considered this unlikely because of the 
lower pressure conditions previously reported from 
Archean rocks (e.g. Kouamelan et al. 1997) and the 
striking clustering of ages from high-grade metamor-
phic rocks at 2.05-2.03 Ga while Archean ages are 
absent. Also, the rocks investigated by Pitra et al. 
(2010) are associated with granulitic supracrustal se-
quences similar to those in Guinea which, based on 
detrital zircon ages, are interpreted to have been de-
posited after 2.6 Ga (Billa et al. 1999; Thiéblemont et 
al. 2004). If the supracrustals in the Ivory Coast are 
indeed coeval with those in Guinea then they postdate 
the 2.9-2.8 Ga Liberian phase. Excluding the Liberian 
phase, then the Birimian event is left as the only period 
during which the rocks could have been subject to 
granulite facies metamorphism.     
 Pitra et al. (2010) proposed a model for the 
southeastern Man domain were they argued that it had 
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been metacratonized (i.e. remobilized without losing 
its preexisting structure, see Adelsalam et al. 2002) 
during collision with Birimian crust of the Baoulé 
Mossi domain. As a consequence of metacratonization 
steep shear zones developed within the Man domain 
which subsequently acted as conduits for juvenile 
magma, which formed the Ity-Toulépleu massif. The 
development of steep shear zones along the Man and 
Baoulé Mossi contact (i.e. the Sassandra shear zone) 
was attributed to the weakness of the young and hot 
Birimian crust which Pitra et al. (2010) argued would 
be too weak to be thrust upon the Man domain. It 
would instead have flowed around the cooler and more 
rigid Archean crust.  
 While the high pressure conditions obtained 
from thermobarometric studies were interpreted by 
Triboulet and Feybesse (1998) in support of a model 
of nappe-stacking it was instead argued by Pitra et al. 
(2010) that such conditions could also be achieved 
through homogenous thickening during convergence. 
Heat from early intrusions (such as the Ity-Toulépleu 
massif) and the Birimian crust would have softened 
the Archean crust allowing for fold-assisted thicken-
ing.  
 It is worth noting the position assumed by the 
Ity-Toulépleu massif in the two models mentioned 
above regarding the timing of collision. In the model 
of Pitra et al. (2010) the intrusion of the Ity-Toulépleu 
massif corresponds to a minimum age for collision 
between the Archean crust of the Man domain and the 
Baoulé Mossi domain, assuming of course that it did 
not form in separate, unrelated event. If the Ity-
Toulépleu domain (including the massif) instead corre-
sponds to a klippe originally emplaced as part of an 
allochthonous thrust sheet, as proposed by Feybesse et 
al. (1990) and Feybesse and Milési (1994), then it pro-
vides a maximum age for thrusting and the main colli-
sion phase.  
 
2.2.3.2 Northern contact 
In contrast to the model of Pitra et al. (2010), it was 
proposed by Egal et al. (2002) that the Man and 
Baoulé Mossi contact in Guinea corresponds to a 
short-lived continental arc active between circa 2090-
2070 Ma. This continental arc is now preserved as the 
plutonic belt (fig. 5) which is comprised of synkine-
matic biotite and biotite-amphibole ±clinopyroxene 
granodiorites cut by late, undeformed syenogranites. 
The enriched composition of these intrusive rocks led 
Egal et al. (2002) to propose that they formed in a con-
tinental arc setting analogous to the Andes. Boher et 
al. (1992) have shown using Sm-Nd isotopes that 
granitoids from this region contain an older — possi-
bly Archean — component, which is in line with the 
model proposed by Egal et al. (2002).   
 Convergence and deformation along the contact 
was accommodated by lateral displacement along sin-
istral subvertical shear zones (Egal et al. 2002). Sedi-
ment in the southern part of the Siguiri basin that is in 
contact with the plutonic belt have been metamor-
phosed and deformed to mica schists with a staurolite-
garnet-sillimanite assemblage indicative of amphibo-
lite facies conditions (Egal et al. 2002; Lahondère et 
al. 2002; Lerouge et al. 2004). Based on petrographic 
studies and classic thermobarometry, Lerouge et al. 
(2004) estimated that supracrustal rocks at the Ar-
chean-Birimian contact along the southern margin of 
the Siguiri basin (fig. 5) experienced a clockwise P-T-t 
path were peak metamorphic conditions reached 
800°C and 4-6 Kbar. 
 
3 Methods and data 
This thesis grew from the work on a number of grani-
toid (sensu lato) samples collected by A. Scherstén 
(Department of Geology, Lund University) and P. 
Kalvig (GEUS) in Ghana during fieldwork in 2009 
and 2011 as part of an ongoing project aimed at im-
proving the understanding of Birimian crust in the 
West African Craton. During the course of this study 
these samples have been examined petrographically 
and geochemically (see data in Appendix A). A few 
selected samples have previously been dated (A. 
Scherstén, unpublished data).  
 On their own, petrographic, geochemical and 
geochronological studies of these samples can provide 
valuable information regarding their petrogenesis and 
by extension the processes which formed and shaped 
the Birimian crust.  Nevertheless, in order to fully util-
ize such data it needs to be related to other aspects of 
the Birimian crust, such as its tectonothermal evolu-
tion. In addition, because of the vast extent of the 
Birimian crust it is necessary to have a regional per-
spective and to incorporate data from across the West 
African Craton but also from other areas were equiva-
lent crust can be found.    
 The rationale behind this thesis has therefore 
been to create a geodynamic model for the Birmian 
event in the Man-Leo shield that incorporates struc-
tural, metamorphic, magmatic and sedimentological 
data and which can provide a context for the individual 
samples. This approach is “mutually beneficial” as the 
samples can then be revisited in future studies to ex-
tract more data that can be used to test and improve the 
geodynamic model. The geodynamic model is pre-
sented in this thesis as a discussion on various impor-
tant aspects of the Birimian event, all presented in a 
chronological order. The primary focus is on the Man-
Leo shield but by necessity the model also incorpo-
rates data from the Reguibat shield and the Amazon 
Craton.  
 In order to develop a geodynamic model for the 
Birimian event in the WAC it has been necessary to 
compile data from the literature, in addition to the new 
samples obtained by A. Scherstén and P. Kalvig. To 
this end, published and unpublished geochronological 
and geochemical data has been compiled in GIS- 
(Geographical Information System) and Microsoft 
Excel-based datasets. In addition, GIS-based lithologi-
cal and structural maps have also been compiled from 
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various sources. All GIS data has been handled using 
the software ArcGIS 10.0 by ESRI. Compilation of 
data has been done intermittently since mid-2011. 
 The geodynamic model should be seen as a 
preliminary attempt to explain the complex history of 
the Birimian crust, other explanations for various as-
pects of its geodynamic evolution may be just as vi-
able. In many situations the available data — in par-
ticular regarding P-T-t-D — is limited, a situation 
which can be considered as both a blessing and a 
curse. While it provides a lot wiggling room for vari-
ous “preferred” interpretations it also means that many 
parts of the model remains poorly constrained. In the 
very least, it is hoped that the model may serve to 
highlight various aspects of the Birimian crust which 
needs to be considered in any geodynamic model, re-
gardless of how they are ultimately interpreted to have 
formed. 
 
3.1 GIS-based data 
The advantage of using GIS-based datasets is that it 
makes it possible to handle large amounts of data 
within a spatial context. Data within a GIS is either 
raster or vector based; the former represent continuous 
surfaces (e.g. elevation) while the latter corresponds to 
discrete objects which can be polygons (e.g. granite), 
lines (e.g. a fault or dyke) or points (e.g. a sample 
site). Raster and vector data (either as polygons, lines 
or points) correspond to layers which can be viewed as 
being placed on top of each other like a stack of pa-
pers. This makes it possible to show e.g. sample sites 
(points) on top of a geological map showing structures 
(lines) and lithologies (polygons) or a raster showing 
elevation. Methods for compiling the data used in this 
work are discussed briefly in the following sections. 
 
3.1.1 Geological maps 
The geological maps, including both polygon and line 
layers, have been compiled from various sources rang-
ing from national geological maps to schematic maps 
from scientific articles. References used for maps in 
this work are given in the associated figure captions. 
All national borders and coastlines used in figures 
within this work have been obtained from the Digital 
Chart of the World (downloaded from GIS-LAB, 
http://gis-lab.info/qa/vmap0-eng.html. Last accessed 
25-11-2013). Unless stated otherwise, the maps are 
projected with an Albert equal-area conic projection 
using two standard parallels and the WGS 1984 datum.  
 The process of drawing maps in GIS is referred 
to as digitization. In order to digitize a GIS-based map 
the source map must be GIS-based itself. Unless previ-
ously available in raster or vector format this requires 
that the map (an image in raster form) is georefer-
enced, essentially assigning it a fixed position within a 
geographical or projected coordinate system. Once a 
source map has been georeferenced it can act as a base 
layer on which new geological maps can be digitized. 
 The accuracy of the digitized data is dependent 
not only the quality of the original map, but also on 
how well it was georeferenced and finally depicted 
during digitization. As such, there are multiple factors 
which can serve to lower the accuracy and precision of 
the final digitized map. This makes it hard to make a 
quantitative estimate of the combined error associated 
with these factors. Nevertheless, it is considered here 
that the maps are sufficiently accurate depictions of 
the source maps. The schematic nature of both the 
source maps and the digitized maps also negate the 
need for highly accurate depictions during digitization.  
 
3.1.2 Geochronological dataset 
A GIS-based dataset of Birimian radiometric ages has 
been compiled using the same approach as for the geo-
logical maps described above. They are comprised 
mainly by published ages obtained from the literature 
but also include unpublished data by A. Scherstén. The 
radiometric ages are collected as point data and in-
clude magmatic, metamorphic, inherited and maxi-
mum depositional ages were available, in addition to a 
brief petrographic description of the dated sample.  
 The uncertainty regarding the exact location of 
the dated samples varies. Occasionally, geographical 
coordinates are provided by the authors (although 
never together with a datum), which enables accurate 
location of the dated sample in the dataset. Usually 
however, the sample location is only given in a figure 
depicting the study area, requiring that the figure is 
first georeferenced in order to act as a sketch for digiti-
zation in GIS software. In some instances, the location 
is not marked on any figures but only specified in text 
(e.g. as a particular pluton in turn shown on a geologi-
cal sketch map). While the latter cases lead to an in-
creased uncertainty regarding the exact position of the 
dated samples, the error is usually on the scale of kilo-
meters. When the location of dated samples are plotted 
in figures in this work the symbols representing them 
in almost all cases covers the error regarding their lo-
cation.   
 As for the geochemical dataset, an inclusive 
approach has also been adopted when collecting geo-
chronological data. As such, all ages obtained by dat-
ing zircon (regardless of method, number of grains, 
MSWD etc.) have been included. Several magmatic 
and metamorphic 40Ar/39Ar, K-Ar and Sm-Nd isochron 
ages have also been included although many have also 
been excluded because of associated large errors. For 
the same reason, Rb-Sr ages are also excluded. While 
the geochronological dataset is not a complete collec-
tion of the available geochronological data it neverthe-
less provides a comprehensive overview of the distri-
bution of radiometric ages in the Baoulé Mossi and 
Man domains. 
 
3.2 Geochemical dataset 
A dataset of geochemical data from Birimian rocks in 
the WAC (including remobilized crust within the Da-
homeyides) and the São Luís Craton have been com-
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piled in a Microsoft Excel spreadsheet. This dataset 
includes analyses of igneous, sedimentary and high 
grade rocks from a wide range of literature sources. In 
addition, new data for samples collected by A. Scher-
stén and P. Kalvig in Ghana are also presented in this 
thesis.  
 The geochemical data include whole rock 
(major and trace element) geochemistry and, where 
available, Sm-Nd and Rb-Sr isotopes. Each sample is 
also associated with petrographical and geographical 
information (craton, shield, domains etc.) which al-
lows it to be placed within a spatial context. When 
available, measured or inferred radiometric ages 
(magmatic, metamorphic and inherited) are also in-
cluded. Radiometric ages included in the dataset are 
primarily obtained from zircon but also include a few 
Rb-Sr and Sm-Nd isochron ages.  
 For this work no screening of data has been 
performed based on the availability of analyzed ele-
ments or analytical method. While this inclusive ap-
proach means that the dataset contains data of variable 
quality it also increases the quantity and coverage 
(both spatial and temporal) of data. The use of a large 
dataset also means that in cases where trace elements 
of low concentrations (e.g. Nb, Y, Rb, Zr) are ana-
lyzed using relatively imprecise methods (e.g. XRF) 
the sheer amount of analyzed samples may neverthe-
less compensate for the poor quality of the data for the 
purpose of identifying general trends.  
 
4 The Birimian event in the 
Baoulé Mossi domain 
The aim of this section is to present a geodynamic 
model for the Birimian event in the Baoulé Mossi and 
Man domains. Such a model must account for the rela-
tionship between the various volcanic belts, sedimen-
tary basins and granitoid-gneiss domains in the Baoulé 
Mossi domain as well as the interaction and juxtaposi-
tion of the Birimian crust with the Archean crust of the 
Man domain. The geodynamic model for these do-
mains also needs to be compared with that of the 
Reguibat shield (fig. 1) given that it by all likelihood 
forms a continuation of the Archean and Birimian 
crust exposed in the southern WAC. In addition, it also 
needs to be compared with the Birimian crust of the 
Amazon and East European cratons which were posi-
tioned south and west, respectively, of the present day 
WAC during the Birimian event (see figure 4 and sec-
tion 2.1). 
 As a first step towards the geodynamic model it 
is fundamental to attempt to establish in what tectonic 
setting the Birimian event took place. In essence, this 
boils down to whether the Birimian event formed in a 
setting governed by plate tectonics or whether more 
“archaic” process (e.g. plume and vertical tectonics) 
was at work. This will be done in the next section. 
This will be followed by a brief overview and outline 
of the geodynamic model covering the general charac-
teristics that define the different phases, as proposed 
here, of the Birimian event in the Baoulé Mossi and 
Man domains. After this the respective phases will be 
discussed in more detail in separate sections. Finally, 
the geodynamic model will be summarized and placed 
within a plate tectonic context involving other cratons 
with crust equivalent to the Birimian crust of the 
WAC, such as the Amazon and East European cratons. 
 
4.1 An accretionary to collisional oro-
genic setting 
As discussed in the introduction, the presence or ab-
sence of modern-style plate tectonics in the Archean-
Proterozoic is a controversial issue (cf. e.g. Stern 2005 
and Shirey & Richardson 2011). However, for the geo-
dynamic model presented here it is inferred that plate 
tectonics were operating and that subduction of oce-
anic crust was ultimately responsible, directly or indi-
rectly, for most of the magmatic and tectonothermal 
activity during the Birimian event. Data in support for 
this assumption is presented below. This assumption is 
also in line with the accretionary to collisional oro-
genic setting envisioned by a range of authors through-
out the Baoulé Mossi domain on the basis of lithologi-
cal, geochemical and structural data (e.g. Mortimer 
1992a; Sylvester & Attoh 1992; Feybesse & Milési 
1994; Ama-Salah et al. 1996; Pouclet et al. 2006; 
Baratoux et al. 2011; de Kock et al. 2012). While oce-
anic plateaus may certainly have been present within 
this setting (as proposed by e.g. Abouchami et al. 1990 
and Béziat et al. 2000) it would still ultimately be gov-
erned by plate tectonic processes, like oceanic plateaus 
are in recent accretionary orogens (e.g. Kerr 2003).  
 
4.1.1 A subduction signature 
Discrimination diagrams in themselves are not suffi-
cient to “prove” the tectonic setting of a given rock, 
but they may nevertheless be used as an indicator of 
the setting in which the rock may have formed. In fig-
ure 6, volcanic and intrusive rocks from the geochemi-
cal dataset (see section 3.2, using analyses of Birimian 
rocks in the WAC and São Luís Craton) have been 
plotted on the Nb/Yb-Th/Yb diagram of Pearce (2008) 
and the Rb-Y-Nb diagrams of Pearce et al. (1984). In 
all these diagrams, the volcanic and intrusive rocks 
display a behavior consistent with rocks formed in an 
arc environment.  
 The Nb-Yb/Th/Yb diagram is designed for ba-
saltic rocks and constructed in such a way that subduc-
tion processes would act to shift the magma composi-
tion away from the MORB-OIB array towards higher 
Th/Yb. In figure 6a, it can be clearly seen that volcanic 
rocks (ranging from tholeiitic basalts to calc-alkaline 
rhyolites) diverge from the MORB-OIB array. Indeed, 
there is no trend towards the average OIB composition 
(from Sun & McDonough 1989). Importantly, the 
composition of the mafic volcanic rocks plot around 
MORB to E-MORB compositions while more evolved 
rocks (andesites and rhyolites) have progressively 
higher Th/Yb, as do most intrusive rocks. The compo-
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Fig. 6. Tectonic discrimination diagrams for Birimian intrusive and volcanic rocks. A) Th/Yb vs. Nb/Yb diagram after Pearce 
(2008). MORB, E-MORB and OIB from Sun and McDonough (1989). B) Rb vs. Y+Nb diagram after Pearce et al. (1984). Data 
from A. Scherstén (unpublished data), Toure et al. (1987), Tegyey & Johan (1989), Abouchami et al. (1990), Liégeois et al. 
(1991), Boher et al. (1992), Mortimer (1992a, 1992b), Sylvester & Attoh (1992), Hirdes et al. (1993), Vidal & Alric (1994), 
Ama-Salah et al (1996), Pouclet et al. (1996), Kouamelan et al. (1997), Ndiaye et al. (1997), Doumbia et al. (1998), Koeberl et 
al. (1998), John et al. (1999), Loh and Hirdes (1999), Béziat et al. (2000), Yao & Robb (2000), Egal et al. (2002), Lahondére et 
al. (2002), Galipp et al. (2003), Gasquet et al. (2003), Kahoui & Mahdjoub (2004), Naba et al. (2004), Dampare et al. (2005, 
2008), Peucat et al. (2005), Attoh et al. (2006), Dioh et al. (2006), Pawlig et al. (2006), Agbossoumondé et al. (2007), Karikari 
et al. (2007), Klein et al. (2008, 2009), Vegas et al. (2008), Adadey et al. (2009), de Kock et al. (2009), Siegfried et al. (2009), 
Thomas et al. (2009), Ngom et al. (2010), Baratoux et al. (2011), McFarlane et al. (2011) and Tapsoba et al. (2013). 
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sitions exhibited by the intrusive and volcanic rocks 
are compatible with arc-backarc settings (Pearce 
2008).  
 The lack of samples with an OIB-like composi-
tion is significant, since it points to the absence of oce-
anic plateaus (assuming they would have had a com-
position equivalent to that of the average OIB) in the 
WAC and São Luís Craton during the Birimian event, 
contrary to what was proposed by Abouchami et al. 
(1990). With that said, it should be noted that the sam-
ples of Abouchami et al. (1990) were never analyzed 
for Th and are thus not plotted in figure 6a. However, 
when considering other elements, the samples of 
Abouchami et al. (1990) do not show a deviating be-
havior from samples that have been analyzed for Th-
Nb-Yb and which diverge from the MORB-OIB array 
in figure 6a. It also seems unlikely that Abouchami et 
al. (1990) would only sample OIB-basalts whereas 
subsequent workers only collected basalts with an arc-
signature, despite the fact they in many cases worked 
in the same areas. 
 Crustal contamination would have the same 
effect as subduction processes in shifting the magma 
composition away from the MORB-OIB array (Pearce 
2008). However, it seems unlikely that it would be 
responsible for the trend seen in figure 6a given the 
juvenile nature of Birimian volcanics (as well as grani-
toids) and the fact that the volcanics are among the 
oldest rocks within the Baoulé Mossi domain. When 
considering the intrusive rocks together with the vol-
canic rocks the trend may instead be interpreted as 
reflecting the progressive differentiation and matura-
tion of the Birimian crust. 
 The Rb-Y-Nb diagram of Pearce et al. (1984) is 
designed for granitoids (sensu lato) and to distinguish 
between those formed in volcanic arc, collisional oro-
gen, within-plate or oceanic ridge settings. As for the 
Nb/Yb-Th/Yb diagram both the volcanics and the in-
trusive rocks consistently plot within the field of arc-
related granitoids defined by Pearce et al. (1984) with 
only minor overlap with the fields for collisional oro-
gens and within-plate settings (fig. 6b). While Rb may 
be sensitive to alteration  
 It has been pointed out that discrimination dia-
grams may be misleading as the signature composition 
taken to indicate a particular tectonic setting may be 
inherited (Arculus 1987; Robert & Clemens 1993) or 
caused by factors unrelated to a particular tectonic 
setting (Bédard 2006). An example of the latter is the 
fractionation of Nb-Ta and Ti which is considered 
typical of subduction-related rocks (e.g. Pearce et al. 
1984). However, it can also be obtained through high-
pressure melting with residual rutile in settings that 
does not involve plate tectonics (e.g. Bédard 2006). 
The consequence of an inherited signature is that a 
rock, which plot within a field indicating formation in 
e.g. a volcanic arc may not be spatially or temporally 
associated with active subduction and arc magmatism 
at the time of its formation. However, it requires that it 
was derived from a source rock which formed in such 
a setting.  
 Despite the uncertainties surrounding the use of 
discrimination diagrams, the consistent behaviour of 
Birimian igneous rocks, spanning a compositional 
range for mafic volcanics to evolved granites, never-
theless indicates that they formed in a tectonic setting 
that was ultimately dominated by subduction proc-
esses. However, the effect of inheritance means that 
many of the younger Birimian intrusive and volcanic 
rocks may not be directly associated with active sub-
duction, even though they plot in fields indicating such 
an environment.  
 As will be detailed in the geodynamic model 
presented below — incorporating lithological, geo-
chemical, geochronological, structural and metamor-
phic data — the evolution of the Birimian crust can be 
explained in the context of plate tectonics. Even 
though there are Birimian rocks that are not usually 
associated with subduction processes — such as the 
komatiites (Tegyey & Johan 1989) and continental 
basalts (Lahondère et al. 2002, and references therein) 
of the Niandan and Keniero volcanic ranges in Guinea 
— their presence may nevertheless be ultimately con-
trolled by plate tectonic processes in a within-plate 
setting, as will be further discussed below.  
 
4.1.2 Birimian ophiolites? 
Ophiolites are considered remnants of oceanic crust 
which have been preserved from subduction along 
convergent margins by being incorporated into conti-
nental crust (Dilek & Furnes 2011; Furnes et al. 2013). 
The classic Penrose-type ophiolite consists of a basal 
layer of peridotite, overlain by isotropic gabbro, a 
sheeted dyke complex, finally massive or pillowed 
basalt and a thin layer of pelagic sediment. The 
sheeted dyke complex is a strong indicator of lateral 
extension and thus modern-type plate tectonics. The 
absence of unequivocal Penrose-type ophiolites from 
the geological record prior to the Neoproterozoic have 
been interpreted by some authors as indicating that 
modern-type plate tectonics was not active during 
these times (e.g. Stern 2005).   
 However, not all ophiolites contain sheeted 
dike complexes whose formation is dependent on both 
spreading rate and magma supply (Robinson et al. 
2008) and will consequently not conform to the Pen-
rose-type structure. Dilek and Furnes (2011) presented 
a broader definition for ophiolites in which they corre-
spond to “suites of temporally and spatially associated 
ultramafic to felsic rocks related to separate melting 
episodes and processes of magmatic differentiation in 
particular (oceanic) tectonic environments”. They fur-
ther introduced different groups of ophiolites which 
they separated into those that were related to subduc-
tion zones (supra-subduction zone and volcanic arc) 
and those which were not (e.g. MORB or oceanic pla-
teaus). 
 So far, no unequivocal Penrose-type ophiolitic 
sequence has been reported from the Birimian crust in 
the WAC. The best current candidate is represented by 
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the volcanic and intrusive ultramafic rocks found in 
the southern Ashanti belt in southern Ghana, as pro-
posed by Attoh et al. (2006), although this sequence 
lacks a clearly identifiable sheeted dyke complex. 
However, using the definition by Dilek and Furnes 
(2011), the subduction-affinity of temporally and spa-
tially related Birimian volcanic and intrusive rocks 
(fig. 6) mean that most volcanic belts might be classi-
fied as subduction-related ophiolites. Exceptions may 
include the volcanic suites of the Keniero and Niandan 
ranges in Guinea. 
 The association of ultramafic-gabbroic rocks 
interpreted as lower crustal cumulates (Béziat et al. 
2000) with anorthosite-like plagioclase-megacrystic 
basaltic rocks (Baratoux et al. 2011) in volcanic belts 
in Burkina Faso may also indicate that they formed in 
a subduction zone setting. In the Meso- to Neoarchean 
North Atlantic Craton in southern Greenland, Windley 
and Garde (2009) compared similar rock associations 
found there (i.e. ultramafic rocks, cumulatic gabbros, 
anorthosites) with analogous assemblages found in 
Phanerozoic ophiolites in e.g. the North American 
Cordilleras, Fiordland in New Zealand and Kohistan in 
northern Pakistan. Windley and Garde (2009) sug-
gested that the similarities between the Phanerozoic 
ophiolites and the Archean rocks in Greenland indi-
cated that the latter had formed in a subduction zone 
setting, with the implication that modern-style subduc-
tion had been active since at least that time. 
 
4.1.3 Thermal structure of accretionary orogens 
It was shown by Hyndman et al. (2005) and Currie and 
Hyndman (2006) that circum-Pacific oceanic and con-
tinental backarcs (e.g. Sundaland in SE Asia and the 
Cordilleras of North America) are defined by a high 
heat flow and a thin lithosphere; conditions that extend 
from 250 to more than 900 km behind the main arc, 
regardless of whether the backarc had experienced 
recent extension or not. These authors explained the 
elevated heat flow in the backarcs by vigorous small-
scale thermal convection in the upper mantle. The in-
troduction of fluids derived from the subducting oce-
anic crust has the effect of lowering the viscosity of 
mantle rocks, enhancing this type of convective flow 
in the backarc region. Temperatures at the Moho in 
continental backarcs (circa 35 km depth) were esti-
mated by Currie and Hyndman (2006) to be between 
800-1000°C. This contrasts with the lowered geotherm 
at the trench which is caused by subduction of cool 
oceanic crust. 
 Assuming that plate tectonics was operating 
during the Birimian event - and that the juvenile 
Birimian crust formed in an accretionary orogen - then 
large portions of the Birimian crust would reasonably 
have been thin and defined by a high heat flow, the 
only exceptions being forearc regions. As discussed in 
section 2.2.2.7 the Birimian crust is interpreted to have 
been thin and hot (Vidal et al. 2009; Baratoux et al. 
2011); conditions equivalent to those of modern 
backarcs. Indeed, the thermal conditions obtained 
through thermal modeling by Harcoüet et al. (2007) 
for southern Ghana (800-900°C at a Moho of 30 km 
depth) is within the range of temperatures seen in re-
cent backarcs (Hyndman et al. 2005; Currie & Hynd-
man 2006).  
 Hyndman et al. (2005) pointed out that the 
presence of a hot backarc would also have important 
implications for collisional orogens — the ultimate 
fate of the accretionary orogens — as it would consti-
tute a source of orogenic heat that was in place before 
the collision. Hot backarcs therefore have important 
implications for deformation during collision in addi-
Fig. 7. Overview of the crustal domains associated with phases of the geodynamic model shown on the schematic geological 
map of figure 5. Framed rectangular boxes refer to localities discussed in the text. Round framed boxes refer to specific plutons, 
also discussed in the text, using the following abbreviations; T-Y - Tenkodogo-Yamba, Ko - Kowara, Fe - Ferkéssédougou. 
Transparent text boxes refer to shear zones discussed in the text, see figure 5 for references and abbreviations. The 
geochronological data has been compiled from the following references (also includes references for figures 8, 11, 14 and 18), 
given in numerical order: 1 - Barth et al. (2002); 2 - Goujou et al. (1999), in Thiéblemont et al. (2004); 3 - Thiéblemont et al. 
(2001); 4 - Milési et al. (1989); 5 - Kouamelan et al. (1997); 6 - Kouamelan (1996); 7 - Lahondére et al. (2002); 8 - Gueye et al. 
(2007); 9 - Dia et al. (1997); 10 - Dia (1988), in Gueye et al. (2007); 11 - Boher et al. (1992), in Vidal et al. (2009); 12 - Gasquet 
et al. (2003); 13 - Lemoine (1988), in Vidal et al. (2009); 14 - Lüdtke et al. (1992, 1998a), in Vidal et al. (2009); 15 - Hirdes et 
al. (1996); 16 - Castaing et al. (2003), in Baratoux et al. (2011); 17 - Lompo (1991), in Baratoux et al. (2011); 18 - Schwartz & 
Melcher (2003), in Baratoux et al. (2011); 19 - Tapsoba et al. (2013); 20 - Castaing et al. (2003), in Hein (2010); 21 - Boher et 
al. (1992); 22 - Castaing et al. (2003), in Vegas et al. (2008); 23 - Klockner (1991), in Soumaila et al. (2008); 24 - Cheilletz et 
al. (1994), in Soumaila et al. (2008); 25 - Soumaila et al. (2008); 26 - Abdou et al. (1998), in Soumaila et al. (2008); 27 - Ama-
Salah et al. (1996); 28 - Agyei Duodu et al. (2009); 29 - Thomas et al. (2009); 30 - Siegfried et al. (2009); 31 - de Kock et al. 
(2009); 32 - Zitzmann (1997); 33 - Delor et al. (1995), in Vidal et al. (2009); 34­ - Siméon et al. (1995), in Vidal et al. (2009); 
35 - Feybesse et al. (2006); 36 - Hirdes & Davis (1998); 37 - Hirdes et al. (1992); 38 - A. Scherstén, personal communication; 
39 - Adadey et al. (2009); 40 - Opare-Addo (1992), in Agyei Duodu et al. (2009); 41 - Loh et al. (1999)**, in Agyei Duodu et al. 
(2009); 42 - Oberthür et al. (1998); 43 - Attoh et al. (2006);  44 - Hirdes et al. (2007), in Agyei Duodu et al. (2009); 45 - 
Doumbia et al. (1998); 46 - Leake (1992), in Vidal et al. (2009); 47 - Loh & Hirdes 1999; 48 - Agbossoumondé et al. (2007); 49 
- Lüdtke et al. (1998b), in Baratoux et al. (2011); 50 - Abdou et al. (1992), in Soumaila et al. (2008);  51 - Melcher et al. (2008)
**, in Agyei Dudou et al. (2009); 52 - Davis et al. (1994);  53 - Hirdes et al. (2007), in Assie (2008); 54 - Yao et al. (1995), in 
Vidal et al. (2009); 55 - C. Delor & A. Cocherie, unpub., in Kouamelan (1996); 56 - Liégeois et al. 1991; 57 - Thiéblemont et al. 
(2004); 58 - Egal et al. (2002); 59 - Feybesse et al. (1999), in Lahondére et al. (2002);  60 - McFarlane et al. (2011); 61 - Hirdes 
& Davis (2002); 62 - Kalsbeek et al. (2012); 63 - Delor et al. (2004);  64 - Chalokwu et al. (1997); 65 - Pigois et al. (2003); 66 - 
Cocherie et al. (1998); 67 - Bossière et al. (1996); 68 - Onstott et al. (1984). ** - Note that full references for these sources have 
not been found during the course of this work. 
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should be noted that the phases used in this model are 
not equivalent to those of these authors. The timing of 
the phases should only be considered approximate; the 
phases, especially the Eburnean ones, are in this model 
considered to form part of a continuum. The Archean 
crust in the Man and Baoulé Mossi domains are bun-
dled together into a separate Archean phase that is not 
considered in the geodynamic model presented here. 
 The Baoulé Mossi and Man domains can be 
divided into crustal domains — essentially corre-
sponding to combinations of volcanic belts, sedimen-
tary basins and granitoid-gneiss domains — which can 
be constrained to have formed during a specific phase 
of the Birimian event. An overview of these crustal 
domains is shown in figure 7 together with the same 
geological map as shown in figure 5. In figure 7 it can 
be seen that the crustal domain associated with a par-
ticular phase do not necessarily form a coherent unit. 
Also, as will be seen below, tectonothermal and mag-
matic activity during a particular phase is not limited 
tion to providing a heat source for associated magma-
tism. Chardon et al. (2009) also emphasized the impor-
tance of the temperature and thickness of the litho-
sphere in determining orogenic styles. These authors 
proposed that the Birimian crust corresponded to an 
ultra-hot orogen which are characterized by a thin 
lithospheric mantle and Moho temperatures >900°C. 
For the model presented below, it is assumed that the 
Birimian crust of the Baoulé Mossi domain was thin 
and hot, and consequently weak, during the Birimian 
event. 
 
4.2 Overview of the geodynamic model 
In the geodynamic model presented in this section the 
Birimian event in the Man and Baoulé Mossi domains 
has been divided into four phases; the Eoeburnean 
(EE, >2.13 Ga), Eburnean I (EI, 2.13-2.10 Ga), Ebur-
nean II (EII, 2.10-2.07 Ga) and the Eburnean III (EIII, 
<2.07 Ga). Although the terms Eoeburnean and Ebur-
nean are taken from de Kock et al. (2009, 2011) it 
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to the crustal domains it is associated with but may 
also occur within crustal domains formed during ear-
lier phases.  
 In the case of EI and EII phases the crustal do-
mains have been divided into two parts to reflect the 
different geodynamic evolution of these areas; this is 
discussed further in the sections covering these phases. 
There is no domain associated with the EIII phase as it 
represents a period of the Birimian event which was 
characterized by limited magmatism and tectonother-
mal activity affecting crust within the Baoulé Mossi 
and Man domains formed during previous phases.  
 The division of the Man and Baoulé Mossi do-
mains is based primarily on the distribution of radio-
metric ages (magmatic, metamorphic and detrital) to 
constrain when each respective domain formed. Since 
the radiometric ages only represent point data the 
schematic geological map shown in figure 5 has been 
used to constrain the lateral extent of these crustal do-
mains. Given the schematic nature of this map the 
boundaries and extent of the domains shown in figure 
7 should only be considered provisional. The approach 
used for the crustal domains is particularly problematic 
in areas where there is both a lack of radiometric ages 
and where the understanding of the local geology is 
less well constrained, such as southwestern Ivory 
Coast and Liberia.  
 The division of the crustal domains relies heav-
ily upon the use of magmatic ages. This means that 
what is traced among the domains is mostly the timing 
of magmatic activity. As such, they can only provide a 
minimum age for the timing of formation of a particu-
lar domain. However, by using the limited amount of 
available detrital zircon data, as well as relationships 
between different crustal domains (e.g. the presence of 
a younger domain between two older ones) it is also 
possible to establish reasonably good maximum ages 
for the domains. Nevertheless, it should be emphasized 
that the timing of the formation of various crustal do-
mains — and by extension the timing of the phases of 
the Birimian event used in this model — only forms a 
first approximation. 
 Finally, while the São Luís Craton is not in-
cluded in figure 7 (or the subsequent figures 8, 11, 14 
and 18 depicting the geodynamic model, see further 
below) the minor area that it constitutes means that its 
omission does not impact the presentation of the geo-
dynamic model. Petrological and geochemical data 
from the São Luís Craton is nevertheless included in 
the following discussion. 
 
4.3 Phases of the Birimian event 
The phases of the geodynamic model outlined above 
will here be presented in separate sections. For each of 
these sections there is an accompanying figure (figures 
8, 11, 14 and 18) which shows the distribution of ra-
diometric ages and crustal domains during the particu-
lar phase the section covers. Each figure also includes 
the crustal domains and symbols for radiometric ages 
of any previous phases. A legend showing which 
phase the crustal domains and symbols (for radiomet-
ric ages) are associated with are given together with 
figure 7. There is also a legend together with figure 7 
that explains the abbreviations used for radiometric 
ages given in figures 8, 11, 14 and 18. To preserve the 
clarity of these figures all names of e.g. localities, 
shear zones or volcanic belts discussed in the follow-
ing text are presented in figure 7, which is based on 
the same map as figures 8, 11, 14 and 18.  
 In each of figures 8, 11, 14 and 18 there is also 
an inset showing a schematic depiction of the geody-
namic evolution during each phase with matching col-
ors for the crustal domains given in the main figure. 
These schematic models are meant to place the crustal 
domains and radiometric ages given in the main figure 
in a geodynamic context. While they may show a pos-
sible geodynamic evolution, it may not necessarily be 
the only option. The geodynamic evolution during 
each phase is further discussed in the relevant sections 
below.  
 Geochemical data of igneous rocks from the 
geochemical dataset (see section 3) has — when possi-
ble — been assigned to one of the phases of the geody-
namic model using either relative or absolute ages. 
This data has subsequently been used to investigate 
geochemical trends within and between the different 
phases of the geodynamic model. When assigning 
samples to a phase some will inevitably be classified 
incorrectly. However, this mostly regards samples 
which straddle the boundary between two phases; the 
“misclassification” being more an artefact of the tem-
poral limits set for the phases in the geodynamic 
model (which really form part of a continuum). Re-
gardless, any misclassified samples are not considered 
to have any significant impact on the geochemical 
trends shown by igneous rocks from the different 
phases. 
 
4.3.1 Eoeburnean (>2.13 Ga) — figure 8 
The Eoeburnean phase corresponds to a long-lasting 
period in which island arcs (and possibly oceanic pla-
Fig. 8. The spatial extent of Archean and Eoeburnean crustal domains together with a compilation of geochronological data 
from the Archean and Eoeburnean phases. See figure 7 for legend and references. Inset shows a schematic depiction of the 
geodynamic setting during the Eoeburnean phase (>2.13 Ga). This phase was characterized by the amalgamation of juvenile 
crust in an accretionary orogenic setting, likely involving amalgamation of multiple island arcs. Structural, metamorphic and 
magmatic data indicate that the Eoeburnean crust was subjected to both compression (1) and extension (2) during this phase. At 
this time the Archean crust in the Man domain was not in contact with the Eoeburnean crust but instead constituted a separate 
continent fringed by passive margins. To the present-day east, the Eoeburnean crust may have docked with an Archean continent 
represented by Archean crust now present in the Amapá block (fig. 4) and southeastern Ghana-Togo. By the end of the 
Eoeburnean phase, an eastward dipping (present-day orientation) had been established on the western margin of the Eoeburnean 
crust. 
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teaus) were accreted to form a large crustal domain by 
2.15-2.13 Ga comprised of dominantly juvenile crust. 
Eoeburnean crustal domains occur as a largely con-
tinuous area extending from southwestern Ivory Coast 
and Liberia to Burkina Faso and Ghana. In addition, 
the Mako belt in the KKI and KI is also comprised of 
Eoeburnean crust. Although data concerning the nature 
of the basement of the basins which constitute the Eb-
urnean I and IIB domains (figs. 7, 8, 11, 14 and 18) is 
limited it is likely composed of rocks equivalent to 
those of the Eoeburnean domains (e.g. Vidal & Alric 
1994; Feybesse et al. 2006; Adadey et al. 2009; Vidal 
et al. 2009; Baratoux et al. 2011). Finally, limited oc-
currences of Eoeburnean rocks have also been reported 
from eastern Guinea (Lahondère et al. 2002) and 
southern Mali (McFarlane et al. 2011) where Eoebur-
nean rocks are otherwise absent. 
 
4.3.1.1 Onset of the Eoeburnean phase 
Determining the onset of magmatic and tectonother-
mal activity of the EE phase is a problematic issue. 
Available magmatic ages (primarily U-Pb and Pb-Pb 
on zircon) from the Baoulé Mossi domain dominantly 
fall within the time span 2.24-2.07 Ga (fig. 9b). Al-
though sensitive to the model mantle against which 
they are calculated, Sm-Nd model ages from Birimian 
volcanic, intrusive and sedimentary rocks are on aver-
age some 100-300 Ma older (fig. 9a). However, inher-
ited zircons ages older than 2.24 Ga have been en-
countered in some intrusive rocks within the Baoulé 
Mossi domain (e.g. Gasquet et al. 2003; de Kock et al. 
2011; Tapsoba et al. 2013). In addition, magmatic ages 
from intrusive rocks with an arc-affinity in the north-
eastern Guasporé shield (fig. 4) in the Amazon Craton 
(Vasquez et al. 2008; Macambira et al. 2009), the 
southern São Francisco Craton (fig. 3, Rosa Sexias et 
al. 2012) and northwestern Borborema belt (fig. 2, 
Santos et al. 2009) have yielded ages between 2.40-
2.30 Ga. They are also spatially associated with 
younger rocks which are coeval with those in the 
Baoulé Mossi domain.  
 Gasquet et al. (2003) dated (SIMS) a zircon 
core to 2312±17 Ma which, as they noted, coincided 
with a peak of Sm-Nd model ages obtained by Boher 
et al. (1992) and Doumbia et al. (1998) on different 
Birimian rocks. On the basis of this age, they proposed 
that the Sm-Nd model ages could have corresponded 
to an important early period of crustal growth within 
Fig. 9. A) Sm-Nd model ages for rocks in the WAC and AC. Compiled from A. Scherstén (unpublished data), Abouchami et al. 
(1990), Boher et al. (1992), Ama-Salah et al (1996), Kouamelan et al. (1997), Doumbia et al. (1998), Gasquet et al. (2003), 
Pawlig et al. (2006), Soumaila et al. (2008), Klein et al. (2009), Dampare et al. (2009) and Tapsoba et al. (2013). Model ages 
have been calculated against a depleted mantle (DM) using the following formula from Rollinson (1993); TDM = (1/λ) * ln
[(143Nd/144Ndsample today - 
143Nd/144NdDM today)/(
147Sm/144Ndsample today - 
147Sm/144NdDM today)], where λ is 6.54*10
-12 yr-1. Depleted 
mantle values for 143Nd/144Nd and 147Sm/144Nd are 0.51315 and 0.2139, respectively. B) Magmatic and inherited ages from 
Birimian rocks in the WAC, AC and the Borborema belt in NE Brazil. Compiled from Klein et al. (2001, 2005a, 2005b, 2008, 
2009), Vasquez et al. (2008), Macambira et al. (2009), Palheta et al. (2009) and Santos et al. (2009) in addition to references 
given in figure 7. 
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the Baoulé Mossi domain which is now preserved only 
as inherited zircon ages and through the isotopic com-
position of Birimian rocks. Feybesse et al. (2006) also 
argued for an early beginning for the Birimian event 
around 2.35 Ga which they based on the presence of 
rocks of this age in the Borborema belt (e.g. Santos et 
al. 2009). 
 A further complicating issue regarding the on-
set of the EE phase in the Baoulé Mossi domain is that 
the older ages encountered in South America (Amazon 
Craton, São Francisco Craton, Borborema belt, see 
figures 2 and 3) appear to be separated from the 
Baoulé Mossi domain and its extension into the Ama-
zon Craton by the Amapá block (e.g. Rosa-Costa et al. 
2006) in the Guyana shield (fig. 4). This is an elongate 
sliver of Archean crust whose orientation in the 
SAMBA-configuration (fig. 4) suggests that it may 
have been connected with the Archean crust indicated 
to be present in the southeastern Baoulé Mossi domain 
(Leube et al. 1990; Agbossoumondé et al. 2007, see 
section 2.2). Although this may be impossible to verify 
— and would in any case require more geometrically 
accurate reconstructions than in figure 4 — it never-
theless raises the possibility that the older rocks found 
in the Guasporé shield, São Francisco Craton and Bor-
borema belt may have formed in a separate ocean ba-
sin that began to close earlier compared with the rocks 
in the Baoulé Mossi domain, and its extension into the 
Guyana shield.  
 Even if the older ages in the Guasporé shield, 
São Francisco Craton and Borborema belt are not re-
lated to the magmatic activity in the Baoulé Mossi 
domain there is still a need to explain the origin of the 
inherited zircon ages and how they relate to the peak 
in Sm-Nd model ages. One possibility may be that the 
Sm-Nd model ages record the formation of oceanic 
crust as the ocean in which the Baoule Mossi domain 
formed began to open and/or early primitive island 
arcs. Rare felsic magma may have crystallized zircon 
such as the one dated by Gasquet et al. (2003), but the 
setting would otherwise have been dominated by mafic 
magmatism. Subduction erosion (e.g. Stern 2011) may 
have recycled much of the early primitive island arc 
crust (including any felsic rocks) to the mantle, al-
though their isotopic composition might have been 
preserved through the transfer of fluids and melts from 
eroded and subducted material. 
 The rise in magmatic ages may be linked to a 
period in which closure of the oceanic basin reached a 
point when island arcs began to accrete into larger 
masses of juvenile crust (see also next section). This 
may have shielded the crust more efficiently from sub-
duction erosion as the number of active subduction 
zones decreased. However, thickening and maturation 
of islands arcs would also have led an increase in fel-
sic magmatism through infracrustal melting, contami-
nation and increased fractionation. As most ages in 
figure 9 are derived from zircons (a siliceous mineral) 
such a development may account for the rise in mag-
matic ages at this point.  
 Altogether, this suggests that the magmatic 
activity was ongoing for a considerable period of time 
(100-300 Myr) prior to the start of EI phase at circa 
2.13 Ga. The possibility that widespread magmatic 
activity extended as far back as 2.40 Ga during the 
Birimian event is at odds with the proposal by Condie 
et al. (2009) that the period 2.45-2.20 Ga might have 
corresponded to a period of global magmatic shut-
down. This proposal arose from the fact that there 
have so far been few zircon ages obtained from this 
time interval, indicating a global lack of magmatic 
activity. However, younger Mesoproterozoic to Phan-
erozoic time intervals that are also characterized by 
apparent low degrees of magmatic activity —although 
not as pronounced as during the Paleoproterozoic — 
have instead been attributed to a low potential of pres-
ervation of magmatic rocks due to subduction erosion, 
rather than the absence of magmatic activity altogether 
(Hawkesworth et al. 2009; Condie et al. 2009). The 
Sm-Nd model ages of Birimian rocks as well as both 
inherited and magmatic zircon ages indicates that this 
explanation may also be valid for the early Paleopro-
terozoic. The apparent absence of magmatic activity 
may thus be a combination of subduction erosion and 
predominantly mafic magmatism, but also reflect sam-
pling bias as much of the crust from this period is 
found in undersampled areas of Africa and South 
America. 
 
4.3.1.2 Amalgamation of Birimian crust 
 
4.3.1.2.1 Accretion of island arcs and Archean 
crust 
As discussed in section 4.1, the Birimian crust is here 
considered to have formed in an accretionary orogenic 
setting. Volcanic rocks are dominated by tholeiitic 
basalts and basaltic-andesites but also include more 
felsic calc-alkaline rocks (fig. 10). Intrusive magma-
tism at this time is mainly sodic and comprised of gab-
bro-diorite-tonalite-granodiorite compositions, al-
though more K-rich granites also occur. The range of 
compositions is equivalent to those found among 
Phanerozoic island and continental arcs (e.g. Patiño 
Douce 1999; Frost et al. 2001). The predominantly 
sodic composition of the intrusive rocks suggest that 
they were derived from fractionation of magma de-
rived from melting of metasomatized mantle (Arculus 
1994; Tatsumi 2005), amphibolites (Moyen & Martin 
2012) or immature sediment such as greywackes 
(Patiño Douce 1999).  
 Because of its large areal extent it seems rea-
sonable to assume that the Baoulé Mossi domain is 
comprised of multiple accreted island arcs, now occur-
ring as terranes. However, a lack of geochronological, 
structural, metamorphic and isotopic data makes it 
hard to distinguish any such arc terranes at this stage. 
A possible proxy for arc-arc accretion may be defor-
mation events involving compression which occurred 
during the EE phase. For example, de Kock et al. 
(2009, 2012) recognized deformation sometime prior 
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to the intrusion of circa 2195±4 Ma (SHRIMP on zir-
con) granites in the Bole belt. This was followed by 
formation of enriched basalts and emplacement of 
granodiorites and tonalites at 2187±5 Ma (SHRIMP on 
zircon). Although these authors favored a model of 
intra-arc rifting - leading to formation of oceanic crust 
in a backarc basins and its subsequent closure - to ac-
count for the magmatism, it seems as if it could also be 
accounted for by post-collisional extension following 
accretion of two island arcs, perhaps accompanied by 
extension following resumption of subduction out-
board the recently amalgamated crust. However, as 
mentioned above, recognizing events that record dock-
ing of different arcs requires more data from across the 
Baoulé Mossi domain. It is also hampered by over-
printing of later events. 
 It is also of interest to understand when and to 
what extent the Birimian crust interacted with Archean 
crust during the EE phase. The Winneba (Leube et al. 
1990) pluton in southeastern Ghana has been dated to 
2113±1 Ma (TIMS on zircon) by Agyei Dudodu et al. 
(2009) while the Palimé-Amlamé pluton in Togo was 
dated to 2127±2 (TIMS on zircon) by Agbossoumondé 
et al. (2007). Both of these plutons have negative εNdt 
indicative of an Archean crustal component. The 
above ages are coeval with magmatic activity else-
where within the Baoulé Mossi domain and thus indi-
cate that the Birimian crust was attached to Archean 
Fig. 10. Geochemical data for volcanic and intrusive rocks formed during the Eoeburnean phase (>2.13 Ga). A) Na2O+K2O-
CaO vs. SiO2 after Frost et al. (2001). B) FeOt/(FeOt+MgO) after Frost et al. (2001). C) K2O vs. SiO2 diagram after Peccerillo 
and Taylor (1976). D) A/NK vs. A/CNK after Shand (1943). Data from A. Scherstén (unpublished data), Toure et al. (1987), 
Abouchami et al. (1990), Boher et al. (1992), Sylvester and Attoh (1992), Ama-Salah et al (1996), Pouclet et al. (1996), John et 
al. (1999), Loh and Hirdes (1999), Lahondére et al. (2002), Gasquet et al. (2003), Naba et al. (2004), Dampare et al. (2005, 
2008), Dioh et al. (2006), Pawlig et al. (2006), Adadey et al. (2009), Attoh et al. (2006), Klein et al. (2008, 2009), de Kock et al. 
(2009), Siegfried et al. (2009), Thomas et al. (2009), Ngom et al. (2010), Baratoux et al. (2011) and Tapsoba et al. (2013). 
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crust in the present east of the Baoulé Mossi domain 
by 2.13 Ga at the latest. However, in the Amapá block, 
monzogranites were dated at 2218-2185 Ma (Pb-Pb on 
zircon) by Rosa-Costa et al. (2006) while Rosa-Costa 
et al. (2008) obtained similar ages from monazite in 
migmatitic gneisses. Because similar ages where pre-
sent in the Birimian crust of the Paru domain (fig. 4) to 
the present southwest of the Amapá block, Rosa-Costa 
et al. (2008) suggested that the magmatic activity 
within the Amapá block may represent crustal rework-
ing linked to arc building in the southwest. As dis-
cussed in section 4.3.1.1, the Birimian crust of the 
Paru domain and the Guasporé shield may have 
formed in an ocean basin separate from that in which 
the Baoulé Mossi domain formed. The ages obtained 
by Rosa-Costa et al. (2006, 2008) may therefore not 
record interaction between Birimian crust in the 
Baoulé Mossi domain (or rather its extension into the 
Amazon Craton).  
 However, possible involvement of older crust 
has also been indicated in supracrustal rocks from the 
Ashanti belt (Dampare et al. 2009) and the São Luís 
Craton (Klein et al. 2009) on the basis of Sm-Nd iso-
topic data. The rocks from the São Luís Craton have 
an assumed magmatic age of 2.24 Ga (Klein & Moura 
2001) while those of the Ashanti belt should be older 
than circa 2.17 Ga, which is the age of intrusive rocks 
of that belt (e.g. Hirdes et al. 1992). While they may 
not represent definitive proof for the involvement of 
Archean crust and may simply represent incorporation 
of older Paleoproterozoic crust (Klein et al. 2009), 
they nevertheless provide an indication that the 
Birimian crust of the Baoulé Mossi domain may have 
interacted with Archean crust in the present-day east 
Fig. 10 continued. E) Millicationic P-Q diagram after Debon and Le Fort (1983) (F) log Gd/Yb vs. log Sr/Y. G) Ternary Albite-
Anorthite-Orthoclase (CIPW norm) feldspar diagram after O’Connor (1965). H) log Rb/Sr vs. Eu/Eu* (Eu/√(Nd*Sm) after 
Kemp and Hawkesworth (2003).  
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as early as 2.24 Ga. The Archean crust may perhaps 
have acted as a backstop for accreting arcs. More cou-
pled isotopic and geochronological data from mag-
matic rocks in the eastern Baoulé Mossi would be re-
quired to determine more precisely when Birimian and 
Archean crust may have begun to interact. 
 
4.3.1.2.2 An extensional phase in Ghana and the 
São Luís Craton? 
At least Ghana and the São Luís Craton may have ex-
perienced a period of extension between 2160-2150 
Ma. Monzogranite emplacement in southern Ghana at 
this time was attributed by Feybesse et al. (2006) to 
infracrustal melting through thickening. However, 
these rocks are also coeval with emplacement of am-
phibole±clinopyroxene bearing diorites, tonalites and 
granodiorites (e.g. Loh & Hirdes 1999; Attoh et al. 
2008; Klein et al. 2008). In the São Luís Craton, dio-
rites from the Tromai suite which are spatially and 
temporally associated with the syenogranitic Areal 
granite (Klein et al. 2008) are tholeiitic. Meanwhile, 
the Areal granite has a composition which tends to-
wards the ferroan field of the FeOt/(FeOt+MgO) dia-
gram of Frost et al. (2001). It also has a pronounced 
negative Eu-anomaly with unfractionated HREE. Such 
a composition may be caused by shallow infracrustal 
melting during crustal extension which leaves residual 
plagioclase and orthopyroxene (Patiño Douce 1997).  
 Taken together, the presence of both tholeiitic 
diorites and K-rich granites indicate that this region 
was under extension at 2160-2150 Ma. Large degree 
melting of upwelling mantle may have generated the 
diorites while heat from the mantle and intruding 
magma could have been sufficient to partially melt the 
Birimian crust, forming the K-rich granites. In addition 
to southern Ghana and the São Luís Craton, mon-
zogranite magmatism also took place in the Bole belt 
at circa 2150 Ma (de Kock et al. 2009, 2011). Perrouty 
et al. (2012) identified extensional structures in the 
Ashanti belt which they interpreted to have formed 
during the EE phase. It may be speculated that this 
extension is connected with the magmatic activity at 
2160-2150 Ma, although it may of course be related to 
other periods involving extensional tectonics. The EE 
phase was thus not all about accretion and compres-
sional tectonics but also involved extension in a simi-
lar manner to modern accretionary orogens, with im-
portant implications for crustal growth and differentia-
tion (Cawood et al. 2009).  
 
4.3.1.2.3 Final amalgamation of Eoeburnean 
crust 
By 2.15 Ga, the Eoeburnean crust within the Baoulé 
Mossi domain likely formed a continuous mass which 
is also favored by previous workers in more local stud-
ies (e.g. Feybesse et al. 2006; Baratoux et al. 2011). 
The coherence of the Eoeburnean crust is indicated by 
magmatic activity throughout the crust between 2.16-
2.13 Ga but also by the fact the sedimentary basins 
which formed late during the EE phase as well as the 
EI phase are underlain by older Eoeburnean crust 
which requires that it was coherent before basin for-
mation (e.g. Vidal & Alric 1994; Feybesse et al. 2006; 
Adadey et al. 2009; Baratoux et al. 2011; de Kock et 
al. 2012). Although there are only scattered occur-
rences of Eoeburnean crust in the EIIA domain (fig. 7) 
these may nevertheless correspond to the remnants of 
extended crust which have been overprinted by 
younger EIIA magmatism (see further discussion in 
section 4.3.3). The occurrence of such crust in the 
EIIA domain can be used to infer a connection be-
tween the Mako belt in the Kedougou-Kéniéba inlier 
(fig. 5) and the Eoeburnean crust in eastern Baoulé 
Mossi, which otherwise also show the same distribu-
tion of magmatic ages.  
 The amalgamated Eoeburnean crust was likely 
bordered to the west by an east-southeast dipping sub-
duction zone. Such an orientation has also been fa-
vored by e.g. Vidal and Alric (1994) and de Kock et 
al. (2012) to account for structures which indicate east-
west to northwest-southeast compression and/or exten-
sion. However, a east-southeast dipping subduction 
zone also appear to be required in order to account for 
the juxtaposition of the Archean crust in the Man do-
main with Birimian crust in the Baoulé Mossi domain. 
This is because there is no indication of a long-lived 
Birimian arc along the margin of the Man domain 
which instead appears to have corresponded to a pas-
sive margin. With that said, there are currently few 
ages from this region and the presence of a long-lived 
active margin cannot be entirely ruled out. Neverthe-
less, it will be assumed here that that the Man domain 
was fringed by passive margins leading up to the colli-
sion with the Birimian crust. 
 The Maluwe basin opened around 2.14-2.13 Ga 
as a result of crustal extension and was accompanied 
by the intrusion of amphibole-bearing granodiorites 
(de Kock et al. 2012). Magmatic activity within the 
Maluwe basin also continued into the EI phase. Open-
ing of the Maluwe basin was preceded by what ap-
pears to be a small hiatus in magmatic activity be-
tween c. 2.15-2.14 Ga as there are few magmatic ages 
so far obtained from this period within the Baoulé 
Mossi domain. It is notable that detrital zircon ages 
(SHRIMP) obtained by Pigois et al. (2003) from the 
Tarkwa shallow water basin in the Ashanti belt show a 
peak at this time interval, indicating that magmatic 
activity may have been more important at this time 
than the currently available geochronological data sug-
gest. However, there is also a possibility that the zir-
cons are derived from somewhere outside of the cur-
rently exposed Birimian crust in the Man-Leo shield. 
 
4.3.2 Eburnean I (2.13-2.10 Ga) — figure 11 
The establishment of a coherent crustal mass by the 
end of the EE phase set the stage for the EI phase. It 
was likely flanked by an east-southeast dipping sub-
duction zone to the west and possibly by Archean crust 
to the east. The EI phase in large parts represents a 
continuation of the EE phase but is distinguished by 
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the formation of several deep water and shallow water 
basins. The EI phase also covers the collision of the 
Archean crust of the Man domain with the Birimian 
crust. This collision occurred in the southern half of 
the Baoulé Mossi domain as well as its extension into 
the Guyana shield in the Amazon Craton. 
 Crustal domains established during the EI 
phase include the Boromo and Houndé-Haute Comoé 
sedimentary basins in northeastern Ivory Coast and 
western Burkina Faso as well as the Kumasi basin in 
southern Ghana. In addition, based on the age of the 
Ity-Toulépleu massif (Kouamelan et al. 1997) the 
Birimian crust in the southeastern Man domain is also 
assigned to this phase. This age is also the reason for 
assigning the Birimian overprint on the southeastern 
Man domain (e.g. Kouamelan et al. 1997; Pitra et al. 
2010) to the EI phase although it likely also continued 
into the EII phase (see section 4.3.3). Magmatic and 
tectonothermal activity during the EI phase also af-
fected the Eoeburnean crustal domains. 
 
4.3.2.1 Deformation  
The widespread deformation and shearing which took 
place during the EI phase shows that the crust which 
amalgamated during the EE phase had not yet stabi-
lized and was now deforming internally. It is beyond 
the scope of this work to attempt to make a detailed 
reconstruction of the deformation during the EI phase 
and how it may relate to the formation of the sedimen-
tary basins. The following section will therefore 
mainly highlight different aspects of this deformation. 
 The structural evolution of the Birimian crust 
during the EI phase was complex. As an example, the 
Kouare granite in eastern Burkina Faso (fig. 7) — 
dated at 2128±6 Ma (Pb-Pb on zircon, Castaing et al. 
2003, in Vegas et al. 2008) — is interpreted to have 
been emplaced during northwest-southeast compres-
sion that generated north-northeast-trending sinistral 
shear zones (Vegas e al. 2008). The proximal and circa 
10 Myr younger (dated at 2117±6 Ma, Pb-Pb on zir-
con, Castaing et al. 2003, in Vegas et al. 2008) 
Tenkodogo-Yamba monzogranite is instead inter-
preted to have been emplaced during dextral shearing 
along a northeast trending shear zone. The north-south 
trending sinistral Ouango-Fitini shear zone (e.g. Vidal 
& Alric 1994; Vidal et al. 1996) that runs along the 
Haute-Comoé basin (fig. 7) is constrained to around 
2105-2095 Ma by intrusive rocks affected by shearing 
(Hirdes et al. 1996). To the west, movement along the 
N’Zi-Brabo is constrained by a maximum age of 2116 
Ma. This age is obtained from the northwest-trending 
Kowara two-mica leucogranite which terminates at the 
contact with the leucocratic N’Zi granite that runs par-
allel with the N’Zi-Brabo shear zone (fig. 7, Gasquet 
et al. 2003).  
 Sinistral and dextral shearing therefore appears 
to have varied alternately over time, even in areas 
where the shear zones had roughly the same orienta-
tion. As will be further discussed in section 4.3.3, the 
Baoulé Mossi domain was also subjected to wide-
spread sinistral shearing during the EII phase. While 
field observations enable reconstruction of the stress 
field that deformed the Birimian crust at a given time 
it is more problematic to determine the causes of pri-
mary stress. This is compounded by the fact that much 
of the Birimian crust in the WAC is covered by 
younger sediment and that crust that was once con-
nected to the WAC is now displaced due to subsequent 
orogenic activity and plate movements. However, it 
seems likely that the Archean crust of the Man domain 
may have had some influence on the Birimian crust as 
it began to collide with the Birimian crust although it 
is likely hard to separate deformation that may have 
been caused by e.g. oblique subduction. 
 
4.3.2.2 Basin formation 
 
4.3.2.2.1 General models for basin formation 
Most models for the formation of sedimentary basins 
involve rifting in an extensional or transtensional re-
gime followed by sedimentation and inversion through 
transpression-compression (e.g. Vidal & Alric 1994; 
Vidal et al. 1996; Feybesse et al. 2006; de Kock et al. 
2012; Perrouty et al. 2012). This accounts for the 
opening, sedimentation and subsequent folding and 
shearing of sedimentary rocks and synkinematic intru-
sive rocks. In western Burkina Faso, Baratoux et al. 
(2011) proposed that sedimentation may have occurred 
simultaneously with compression in foreland basins 
that developed as the Birmian crust was folded into 
crustal scale anti- and synforms. In a similar manner, 
Feybesse et al. (2006) also proposed that sedimenta-
tion in the deep water basins in southern Ghana may 
have partly overlapped with closure of the basins in a 
foreland-type setting. 
 
4.3.2.2.2 Block rotation and the importance of the 
Ouango-Fitini shear zone 
Vidal and Alric (1994) proposed that the Haute-
Comoé basin, and other north-south trending sedimen-
tary basins within the Baoulé Mossi domain, formed as 
oblique backarc basins behind a southeast dipping sub-
ducting slab. The margin of this subduction zone was 
located along the current GFB shear zone (fig. 7b), 
which in this model corresponds to a suture. In the 
model of Vidal and Alric (1994), the sedimentary ba-
sins opened during transtension and closed during a 
subsequent switch to transpression as the Birimian 
crust was subjected to northwest-southeast compres-
sion. Movement along the sinistral Ouango-Fitini 
shear zone established the “pinched” shape of the 
Haute-Comoé basin (see figure 7).   
 An interesting aspect of the Ouango-Fitini 
shear zone is that it appears to terminate in the north-
ern part of the Comoé-Sunyani basin, which here 
serves as the southern limit of the EI domain that cov-
ers the Haute-Comoé basin (figure 11). This aspect of 
the Ouango-Fitini shear zone does not appear to have 
been dealt with in the presently available literature. 
However, it may offer a clue to how the sedimentary 
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basins formed during the EI phase as well as during 
the subsequent EIIB phase. 
 On most geological maps covering the Ivory 
Coast, the Ouango-Fitini shear zone is shown to have 
slightly sigmoid shape, bending towards the southwest 
in the south and towards the northeast in the north 
(figure 7, cf. Milési et al 1989; Feybesse & Milési 
1994; Baratoux et al. 2011). This also applies to the 
N’Zi-Brabo shear zone which has the same general 
shape as Ouango-Fitini. In the north, both shear zones 
connect with the northeast-trending dextral GFB shear 
zone in Burkina Faso (fig. 7, Baratoux et al. 2011). As 
can be seen in figure 7, both the northern and southern 
ends of the N’Zi-Brabo and Ouango-Fitini shear zones 
connect with the northeast-southwest oriented EIIB 
crustal domains.  
 As will be discussed further in section 4.3.3.2, 
the Banfora-Bandama and Comoé-Sunyani basins 
which comprise the two EIIB crustal domains likely 
opened simultaneously. This may have taken place in 
response to rapid slab rollback in the present northwest 
triggered by the ongoing collision between the Man 
domain and the Birimian crust in the present-day 
southwest. Because of the similar orientation, and be-
cause they “bracket” both the N’Zi-Brabo and 
Ouango-Fitini shear zones, it may be speculated that 
when the Banfora-Bandama and Comoé-Sunyani ba-
sins opened they utilized preexisting northeast-
southwest structures established during the EI phase 
that were connected to the north-south trending shear 
zones. 
 The Ouango-Fitini shear zone may therefore 
have been connected to a shear zone that ran parallel to 
the Comoé-Sunyani basin but which was destroyed 
when the latter opened. The same applies to the N’Zi-
Brabo shear zone further to the southwest. Assuming 
that the N’Zi-Brabo and Ouango-Fitini and the north-
east trending shear zones were interconnected, the 
latter must have been dextral in order to account for 
the sinistral shearing recorded along the former 
(Mortimer 1992b; Vidal & Alric 1994; Gasquet et al. 
2003). This is in accordance with the dextral move-
ment recorded along the GFB in western Burkina Faso 
(Baratoux et al. 2011). Such a structure suggests that 
the Birimian crust underwent some form of block rota-
tion during the EI phase. This may help explain both 
the “pinched” shape of the Haute-Comoé basin as well 
as the sudden termination of the Ouango-Fitini shear 
zone in the south. In addition, it also provides an ex-
planation for the location of the Banfora-Bandama and 
Comoé-Sunyani basins. However, it requires that the 
subduction zone was located to the northwest of the 
GFB shear zone unlike the model by Vidal and Alric 
(1994). 
 Since both the Haute-Comoé and Comoé-
Sunyani basins are defined by low-grade metamor-
phism (e.g. Vidal & Alric 1994) there does not appear 
to have been any significant vertical displacements 
between them. This may indicate that there was a 
smooth transition from the opening of the Haute-
Comoé basin and until the opening of the Comoé-
Sunyani basin. Perhaps both basins remained sub-
merged throughout this period, which would prevent a 
break in sedimentation, at least during the establish-
ment of the Comoé-Sunyani basin.  
 The model presented above does not account 
for the Kumasi basin which, based on detrital and 
magmatic ages (e.g. Hirdes et al. 1992; Davis et al. 
1994), was coeval with the Haute-Comoé basin. In 
fact, the orientation of the Kumasi basin appears to be 
parallel with the proposed shear zones along which the 
Banfora-Bandama and Comoé-Sunyani basins subse-
quently opened. Because of their similar orientation, it 
may be speculated that the Kumasi basin formed in a 
similar manner to the Banfora-Bandama and Comoé-
Sunyani basins, i.e. by extension at a high angle to a 
northeast-striking shear zone. However, the Kumasi 
basin may perhaps also represent an elongate pull-
apart basin formed during dextral shearing.  
 
4.3.2.2.3 Lower crustal flow 
Considering the high geotherm inferred for the Baoulé 
Mossi domain (see section 4.1.3) it might be possible 
that lower crustal flow may have been important dur-
ing the Birimian event. A possible modern example of 
lower crustal flow can be found in Sundaland in SE 
Asia. Sundaland is located in the backarc region of 
subduction zones facing both the Indian and Pacific 
Fig. 11. The spatial extent of Eburnean I crustal domains together with a compilation of geochronological data from the 
Eburnean I phase. See figure 7 for legend and references. Inset shows a schematic depiction of the geodynamic setting during 
the Eburnean I phase (2.13-2.10 Ga). During the Eburnean I phase, the Archean crust in the Man domain began to impinge on 
the Eoeburnean crust now present in the south-southeastern Baoulé Mossi domain and in the Maroni-Itacaiúnas domain in the 
Amazon craton (fig. 4). Meanwhile, an active subduction zone is still present in the northern part of the Baoulé Mossi domain. 
The collision in the present-day south may have triggered slab rollback in the north as the active subduction zone began to rotate 
against the Archean crust of the Man domain, leading to crustal extension in the north even as the southern areas where 
subjected to compression. The collision between the Archean crust of the Man domain and the Eoeburnean crust may led to the 
establishment of northeast trending dextral shear zones interconnected with north-south trending sinistral shear zones (such as 
the N’Zi-Brabo and Ouango-Fitini, see figure 7). During dextral shearing block rotation may have been responsible for the 
formation of an early set of sedimentary basins corresponding to Haute-Comoé and Boromo (fig. 7). Within this context, the 
Kumasi basin may have formed as a pull-apart basin on account of its orientation parallel to the inferred northeast-southwest 
trending dextral shear zones. The northeast-southwest trending dextral shear zones later acted as structures along which the 
Bandama-Banfora and Comoé-Sunyani sedimentary basins opened during northwest-southeast extension (see section 4.3.3 and 
figure 14). During the initial collision, the southeastern portion of the Man domain was subjected to a Birimian overprint leading 
to metacratonization with the development of shear zones and intrusion of the Ity-Toulepleu tonalite. This interaction may or 
may not have involved thrusting of Birimian crust onto the Archean continent (see further discussion in section 2.2.3).  
42 
oceans and is characterized by a high heat flow and a 
thin lithosphere (Currie & Hyndman 2006; Hall 2011). 
Within Sundaland, the establishment of superdeep 
(some with thicknesses exceeding 15 km) sedimentary 
basins has been attributed to lower crustal flow 
(Morley & Westaway 2006). The reason for this is that 
the amount of crustal extension is insufficient to ac-
count for the significant depth of the basins, unlike in 
conventional models for basin formation and sedimen-
tation.  
 As envisioned for the Sundaland basins, lower 
crustal flow may be triggered by the cooling effect of 
sediment which shifts the temperature-dependent up-
per-lower crust boundary (at 350°C) downwards be-
neath the depocentre while it is simultaneously raised 
beneath the sediment source regions (fig. 12, Morley 
& Westaway 2006). This causes the lower crust to 
flow from the depocentre towards the source regions, 
thus creating accommodation space for more sediment 
within the basin.  
 Hall (2011) expanded on the model by Morley 
and Westaway (2006) to explain the presence of high-
lands in Sundaland (e.g. in northern Borneo) that ex-
poses high-grade and mid-crustal intrusive rocks and 
which occur parallel with offshore sedimentary basins. 
Hall (2011) argued that these highlands could have 
been uplifted through lower crustal flow triggered by 
offshore sedimentation. He further suggested that up-
lift onshore may be responsible for the development of 
deep water fold and thrust belts in offshore sedimen-
tary basin through gravity-driven compression. 
 For the Birmian crust, lower crustal flow car-
ries the implication that extension may have been less 
important (although still needed for establishing a 
depocentre). In addition, lower crustal flow may also 
account for the uplift and exposure of granitoid-gneiss 
domains next to the basins. The possibility of gravity-
driven fold and thrust belts also adds further complica-
tions when it comes to determine stresses during the 
Birimian event as structures may not record regional 
compression but only the (reverse) direction of lower 
crustal flow. 
 
4.3.2.3 Juxtaposition of Man and Baoulé Mossi 
domains  
The Archean crust of the Man domain likely began to 
collide with the Birimian crust during the EI phase. 
While shearing and opening of the sedimentary basins 
around 2.13-2.12 Ga may have been triggered by in-
cipient collision between the Archean and Birimian 
crust, the main collisional phase with associated HP-
HT metamorphism instead likely occurred during the 
late EI and early EII phases. The oldest Paleoprotero-
zoic age from the Man domain is 2104±3 Ma (Pb-Pb 
on zircon) obtained by Kouamelan et al. (1997) from 
the tonalitic Ity-Toulépleu massif (fig. 11). As dis-
cussed in section 2.2.3 this age may correspond to a 
maximum or minimum age of what might be consid-
ered the main collisional phase depending on whether 
the Ity-Toulépleu massif is part of a Birimian klippe 
(Feybesse & Milési 1994) or is an intrusion whose 
emplacement was triggered by metacratonization of 
the Archean crust as it collided with the Birmian crust 
(Pitra et al. 2010).  
 Although it has been proposed that high-P 
Fig. 12. Lower crustal flow in thin and hot lithosphere. 
Redrawn after Hall (2011), based on the model of Morley 
and Westaway (2006). A) Starting conditions in which thin 
and warm crust with a mild topography is divided into upper 
and lower crustal sections separated by a thermal boundary 
at 350°C. The crust is extended leading to the establishment 
of a muted topography. B) Sedimentation in depocentre 
leads to thermal blanketing which lowers the geotherm, thus 
shifting the upper/lower crust boundary downwards. 
Simultaneous erosion in the sediment source region leads to 
uplift of lower and warmer crust, shifting the upper/lower 
crust boundary upwards. This creates a lateral pressure 
gradient upon the lower crust which therefore flows from the 
depocentre towards the sediment source regions. In a non 
steady-state situation, this leads to crustal thinning under the 
depocentre. C) Lower crustal flow leads to vertical motion 
and uplift of in the source region. This creates a setting in 
which partially or fully gravity-driven deep water fold and 
thrust belts (DWFTB) can develop in the offshore 
depocentre. 
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granulite facies metamorphism affected the southeast-
ern Man domain around 2.05-2.03 Ga (Pitra et al. 
2010) it will be argued in section 4.3.4 that it may in-
stead have taken place around 2.10-2.09 Ga. The pri-
mary reason for this reinterpretation is that there is 
little tectonothermal or magmatic activity within the 
Baoulé Mossi domain at 2.05 Ga. It therefore seems 
unlikely that a high-grade metamorphic event took 
place in the southeastern Man domain at this time. 
2.10-2.09 Ga instead seem as a more suitable time as 
this coincides with widespread tectonothermal and 
magmatic activity within the Baoulé Mossi domain 
(e.g. Feybesse et al. 2006; Pouclet et al. 2006; Vidal et 
al. 2009). 
 Assuming that the southeastern Man domain 
reached peak high-P granulite facies conditions around 
2.10-2.09 Ga also places some constraints on when the 
Man domain may have collided with the Birimian 
crust as it would take some time following collision 
before peak conditions were reached. Peak metamor-
phic conditions at 2.10-2.09 Ga seem to fit better with 
the model of Pitra et al. (2010) in which the Ity-
Toulépleu massif intrudes as the Archean crust is 
metacratonized. However, it is conceivable that the 
supracrustals within the Ity-Toulépleu domain may 
represent a klippe — as proposed by Feybesse and 
Milési (1994) — which was emplaced at an earlier 
stage. Future dating of detrital zircon from sediment 
among these supracrustals may help shed some light 
on their origin. 
 The current lack of ages from the Man domain 
and southwestern Baoulé Mossi domain is problematic 
and more detailed reconstructions of when and how 
the Man and Baoule Mossi domains became juxta-
posed requires more geochronological data that re-
cords magmatism, metamorphism, sedimentation and 
cooling on both sides of the contact. This data may 
also help shed some light on the SASCA domain (fig. 
5). At this point there is little information concerning 
where the Archean crust of the SASCA domain may 
have come from; whether it originally was a part of the 
Man domain or rather constituted a separate micro-
continent. 
 
4.3.2.4 EI magmatism  
Magmatism during the EI phase shows a composi-
tional range (fig. 13) equivalent to that of the EI phase 
(fig. 10). This is in line with the model by Baratoux et 
al. (2011) in which the period 2160-2120 Ma was 
characterized by emplacement of abundant TTG intru-
sions. Although the number of samples from volcanic 
rocks is significantly lower this does not reflect the 
relative proportion of volcanic rocks between the EE 
and EI phases, even though eruptive magmatism may 
have played a smaller part during the latter. The simi-
lar compositional range suggests that the Birimian 
crust of the Baoulé Mossi domain was close to the 
east-dipping subduction zone to the west during the EI 
phase. However, most of the samples that are plotted 
in figure 13 are from rocks which formed between 
circa 2.13-2.12 Ga and come from northwestern Ghana 
although samples from the Kedougou-Kéniéba inlier, 
Burkina Faso, Ivory Coast and Togo (fig. 1) are also 
included. The intrusion of the sanukitoid-like Palimé-
Amlamé pluton in Togo at 2127±2 (TIMS on zircon, 
Agbossoumondé et al. 2007) and the 2121±4 
(SHRIMP on zircon) high-Mg Bomburi granodiorite 
in the Maluwe basin (de Kock et al. 2009), together 
with the recent opening of the Maluwe basin (de Kock 
et al. 2012) indicate that the Birmian crust in the 
Baoulé Mossi domain at this point was undergoing 
extension. 
 There is a tendency among EI intrusive rocks to 
have higher Gd/Yb and Sr/Y (fig. 13f) compared with 
EE intrusive (and volcanic) rocks (fig. 10f). This may 
indicate magma generation at a greater depth within 
the stability field of garnet or a greater sedimentary 
(aluminous) component in the source of the magma 
that increases the stability of garnet at lower pressure 
(Moyen 2009). However, it may also reflect that the EI 
magmatic rocks were derived from sources with more 
fractionated HREE and Y or higher Sr and LREE-
MREE compared with the EE rocks. The latter should 
not be ruled out as EE intrusive and supracrustal rocks 
would have provided the crustal source for later EI 
intrusive and volcanic rocks. However, the shift to-
wards higher Gd/Yb and Sr/Y during the EI phase may 
also reflect a gradual thickening of the Birimian crust 
(e.g. Baratoux et al. 2011).  
 Following 2.12 Ga, there appears to be a shift 
towards more granitic and monzogranitic compositions 
among intrusive rocks in the eastern Baoulé Mossi 
domain. This includes the monzogranitic Tenkodogo-
Yamba pluton (Naba et al. 2004) in eastern Burkina 
Faso dated to 2117±6 Ma (Pb-Pb on zircon, Castaing 
et al. 2003, in Vegas et al. 2008), the Tonton granite in 
the Kumasi basin dated to 2112±19 Ma (SHRIMP on 
zircon, Adadey et al. 2009) and the Winneba granite in 
southeastern Ghana dated to 2113±1 Ma (TIMS on 
zircon, Agyei Duodu et al. 2009). However, granodio-
ritic intrusions, including minor trondhjemitic and 
monzogranitic components (Yao & Robb 2000), from 
the Kumasi basin have been dated to 2106-2104 Ma 
(TIMS on zircon and monazite, Oberthür et al. 1998) 
and show that more sodic magmatism was neverthe-
less present during the later part of the EI phase.  
 The more K-rich compositions of intrusive 
rocks in eastern Baoulé Mossi are contrasted by sodic 
(trondhjemite-tonalite) intrusive rocks in central Ivory 
Coast at around 2.12-2.10 Ga (Doumbia et al. 1998). 
This may indicate that the subduction zone had mi-
grated to the (present day) west at this point, leaving 
the eastern part of the Baoulé Mossi domain in a distal 
backarc position. Establishing if this was indeed the 
case requires more coupled geochronological, 
petrological and geochemical data. However, support 
for the migration of the subduction zone towards the 
west is also provided by the absence of magmatic ages 
from the northeastern Baoulé Mossi domain after 2100 
Ma (fig. 14), which requires that this area was gradu-
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ally removed from the influence of subduction proc-
esses.  
 The migration of the subduction zone towards 
the west may have been a continuation of extension 
during the late stage of the EE phase, which led to 
opening of the Maluwe basin around 2.14-2.13 Ga (de 
Kock et al. 2012). The migration likely continued 
throughout the EI phase as indicated by emplacement 
of lamprophyric dykes at 2108±12 Ma in central Ivory 
Coast (Pb-Pb on zircon, Doumbia et al. 1998) and 
dolerite dykes in the Kumasi basin (Yao & Robb 
2000). The latter are cut by 2106-2104 Ma granodio-
rites dated by Oberthür et al. (1998, TIMS on zircon). 
A gabbro sill intruding the Tarkwa shallow water ba-
sin in the Ashanti belt was dated by Adadey et al. 
(2009) to 2102±13 (SHRIMP on zircon). The mainly 
volcaniclastic (with rare flows) Asankangrawa belt 
(fig. 7) within the Kumasi basin (Leube et al. 1990) 
has not been dated directly. However, Adadey ob-
tained an age of 2142±24 Ma (SHRIMP on zircon) 
from andesite intercalated with sediment of the Ku-
masi basin. The age is the weighted average of two 
populations at circa 2.10 and 2.20 Ga, respectively. 
The age given by Adadey et al. (2009) thus appear to 
be a mixing age which likely does not reflect the mag-
matic age of the andesite. Instead, the younger popula-
tion likely represents the magmatic component while 
the older is inherited (Adadey et al. (2009). The 
Fig. 13. Geochemical data for volcanic and intrusive rocks formed during the Eburnean I phase (2.13-2.10 Ga). A) Na2O+K2O-
CaO vs. SiO2 after Frost et al. (2001). B) FeOt/(FeOt+MgO) after Frost et al. (2001). C) K2O vs. SiO2 diagram after Peccerillo 
and Taylor (1976). D) A/NK vs. A/CNK after Shand (1943). Data from A. Scherstén (unpublished data), Kouamelan et al. 
(1997), Doumbia et al. (1998), Yao and Robb (2000), Gasquet et al. (2003), Naba et al. (2004), Dioh et al. (2006), 
Agbossoumondé et al. (2007), Vegas et al. (2008), Adadey et al. (2009), de Kock et al. (2009), Siegfried et al. (2009), Thomas et 
al. (2009) and Tapsoba et al. (2013). 
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younger population may thus provide a poorly con-
strained age for the Asankangrawa belt.  
 The spatial and temporal trends of magmatic 
rocks, the end of magmatic activity by circa 2.10 Ga in 
northeastern Baoulé Mossi and the formation of sev-
eral sedimentary basins (see above) during the EI 
phase is consistent with crustal extension or transten-
sion, as noted by several authors for this period of time 
(e.g. Vidal & Alric 1994; Feybesse et al. 2006; de 
Kock et al. 2012; Perrouty et al. 2012). This may most 
easily be explained by slab rollback along an east-
ward-dipping subduction in the present northwest of 
the Baoulé Mossi domain (fig. 11 and 14). It may be 
speculated that slab rollback during the EI phase was 
triggered by the collision of Archean and Birimian 
crust in the southwestern part of the Baoulé Mossi 
domain and its extension into the Amazon craton (fig. 
4). As will be discussed in section 4.3.3.1, slab roll-
back may have become more rapid after 2.10 Ga lead-
ing to the formation of the EIIA and EIIB crustal do-
mains (fig. 7, see section 4.3.3). 
 
4.3.3 Eburnean II (2.10-2.07 Ga) — figure 14 
The EII phase is divided into two parts; EIIA and 
EIIB. The crustal domain associated with the EIIA 
phase covers northwestern Ivory Coast, southwestern 
Mali, eastern Guinea and eastern Senegal in the Ke-
dougou-Kéniéba Inlier (fig. 7). EIIB domains are pre-
sent in the Ivory Coast and west-central Ghana. As for 
the EI phase, magmatic activity was not limited to the 
EII domain but also took place within older EE and EI 
domains. For the geochemical plots in figure 15, intru-
sions within EE-EI crustal domains to the east of the 
Fig. 13 continued. E) Millicationic P-Q diagram after Debon and Le Fort (1983) (F) log Gd/Yb vs. log Sr/Y. G) Ternary Albite-
Anorthite-Orthoclase (CIPW norm) feldspar diagram after O’Connor (1965). H) log Rb/Sr vs. Eu/Eu* (Eu/√(Nd*Sm) after 
Kemp and Hawkesworth (2003).  
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EIIA domain are grouped together with the EIIB rocks 
while those to the west are grouped as EIIA rocks. 
However, outside of the EII crustal domains, mag-
matic activity occurs primarily in the Ivory Coast and 
Ghana while there is a marked absence of activity in 
northeastern Baoulé Mossi. 
 The EII phase is the most complex phase dur-
ing the Birimian event. In the present northwest, rapid 
slab rollback led to crustal thinning and the establish-
ment of the EIIA domain. This led to widespread al-
kali-calcic, high-K extrusive and intrusive magmatism 
together with coeval mafic-ultramafic volcanic mag-
matism. Crustal extension separated the Mako belt 
from EE crustal domains in the east while the thinned 
EE crust within the EIIA domain was largely over-
printed by younger intrusive and supracrustal rocks. 
Slab rollback was also responsible for opening the 
sedimentary basins, which constitute the EIIB do-
mains. As discussed in sections 4.3.2.2 and 4.3.3.2, 
these basins may have opened along shear zones estab-
lished during the EI phase. 
 EII phase coincided with peak collision at circa 
2.10-2.09 Ga between Archean crust in the Man do-
main and Imataca complex on one side and the Amapá 
block on the other, separated by a belt of Birimian 
crust (fig. 4). The collision that had begun during the 
EI phase (see section 4.3.3) here reached its peak. Tec-
tonothermal activity related to the collision will be 
covered more extensively in the section 4.3.4. How-
ever, lateral escape associated with this collision could 
provide an explanation for the continued development 
of shear zones within the Baoulé Mossi domain, e.g. 
the Sassandra and Banifin in western Baoulé Mossi 
(fig. 7).  
 The complex interplay between slab rollback in 
the northwest and collision in the south can be seen in 
the EIIB domains. Slab rollback — in response to col-
lision in the south — was responsible for opening the 
Banfora-Bandama and Comoé-Sunyani basins, which 
constitute the EIIB domains (fig. 7). However, as colli-
sion in the south switched from normal compression to 
post-collisional transcurrent sinistral shearing around 
2.10-2.09 Ga (see further discussion in section 4.3.4) 
the EIIB sedimentary basins closed while shearing 
induced crustal melting and emplacement of wide-
spread leucogranites between 2095-2080 Ma. The col-
lision between the Man domain and Birimian crust in 
the southern part of the Baoulé Mossi domain and its 
extension into the Guyana shield in Amazon Craton 
(fig. 4) thus had implications beyond the crustal areas, 
which were located between the converging crustal 
blocks. 
 
4.3.3.1 Eburnean IIA  
The EIIA domain includes the Dialé-Daléma basin in 
the Kedougou-Kéniéba Inlier and most of the Birmian 
crust within Guinea s well as southeastern Mali. The 
Plutonic belt (Egal et al. 2002) also form part of the 
EIIA domain but will be dealt with in separate subsec-
tion because of the Archean crust involved during its 
formation. Magmatic ages from the EIIA domain are 
predominantly younger than 2.10 Ga. Three Eoebur-
nean ages provide a notable exception to this pattern 
(see figure 8). A rhyodacite from the Niani volcanic 
suite was dated by Lahondère et al. (2002) to 2212±6 
Ma (Pb-Pb on zircon) while a porphyritic granodiorite 
and a quartz-diorite in southwestern Mali were dated 
to 2131±5 Ma and 2132±5 Ma (LA-ICPMS on zircon), 
respectively, by MacFarlane et al. (2011). The limited 
ages available from detrital zircon in the EIIA domain, 
obtained by Milési et al. (1989), constrain the maxi-
mum depositional ages for sediment to circa 2.10 Ga. 
These ages could reflect inheritance, but they might 
also represent fragments of a thinned Eoeburnean and 
Eburnean I basement to the rocks which formed during 
the EII phase. 
 
 
Fig. 14. The spatial extent of Eburnean II crustal domains together with a compilation of geochronological data from the 
Eburnean II phase. See figure 7 for legend and references. Inset shows a schematic depiction of the geodynamic setting during 
the Eburnean II phase (2.10-2.07 Ga). In a continuation from the developments of the Eburnean I phase, collision proceeded in 
the present-day south while extension was active in the north as a result of westward-directed slab rollback. As a result of 
ongoing collision, peak metamorphic (high-P granulitic) conditions may have been reached in the SE Man domain around 2.10-
2.09 Ga (note that there is no geochronological data to support this, see discussion in section 4.3.4.1.3). Slab rollback in the 
present-day northwest triggered extension that led to the establishment of the EIIA and EIIB crustal domains. The EIIA crustal 
domain constitutes a wide area defined by high-K felsic intrusive and extrusive magmatism along with minor occurrences of 
basalts and komatiites (see section 4.3.3.1 and figure 15). It may perhaps represent the southern end of a wide extensional belt 
that stretches northwards to the Yetti and Eglab massifs in the Reguibat shield (fig. 1) that could potentially correspond to a 
Siliceous Large Igneous Province (see discussion in section 4.3.3.1.5). The formation of the EIIA domain separated Eoeburnean 
crust in the Mako belt (fig. 7) from other Eoeburnean crust in the east. Scattered Eoeburnean ages obtained from within the EIIA 
domain may represent remnants of a thinned and largely consumed Eoeburnean basement to the EIIA domain. The EIIB crustal 
domains correspond to the Sunyani-Comoé and Bandama-Banfora sedimentary basins (fig. 7). They may have opened along 
northeast-southwest oriented shear zones that were active during the Eburnean I phase (see figure 11 and section 4.3.2). 
Subsequent closure of the Sunyani-Comoé and Bandama-Banfora sedimentary basins during post-collisional sinistral 
transpressional shearing led to the emplacement of leucogranitic batholiths between 2095-2080 Ma. During sinistral 
transpressional shearing fragments of the Archean crust in the Man domain may have been transposed northwards along the 
Sassandra shear zone (fig. 7). The end of leucogranite emplacement in the Comoé-Sunyani basin at 2080 Ma may mark the end 
of transpressional shearing and switch to transtension-extension. There appears to have been little or no magmatic activity 
within the present northeastern part of the Baoulé Mossi domain. However, tectonothermal activity may still have affected crust 
in this area.  
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4.3.3.1.1 EIIA magmatism 
Available petrographic and geochemical data from 
intrusive and volcanic rocks in the EIIA domain (from 
southwestern Mali and the Dialé-Daléma basin) show 
that they have a more alkaline composition compared 
with the magmatism associated with the EE and EI 
phases (figure 15, compare with figures 9 and 10). In 
terms of chemical composition, these rocks are pre-
dominantly high-K and alkali-calcic and ranges from 
metaluminous to moderately peraluminous. Ferroan 
samples typically have high SiO2 while those with 
lower SiO2 are magnesian. However, there are never-
theless some ferroan samples with intermediate SiO2 
(fig. 15b). 
 In southwestern Mali, Liégeois et al. (1991) 
found that volcanic and intrusive rocks defined a com-
posite trend evolving from diorite through mon-
zogranite and granodiorite to syenogranite. Highly 
differentiated alkaline granites were also observed. 
Intermediate to mafic samples contain biotite, amphi-
bole and occasional clinopyroxene while more evolved 
granites only contain biotite. Some granites investi-
gated by Liégeois et al. (1991) contained mafic en-
claves which in some parts display a hybrid relation-
ship with the granites, indicative of magma mingling 
and mixing. These areas show signs of syn-magmatic 
Fig. 15. Geochemical data for volcanic and intrusive rocks formed during the Eburnean II phase (2.10-2.07 Ga). These have 
been further divided between rocks from the EIIA and EIIB domains. Rocks from the Plutonic belt along the contact between 
the EIIA and Man domains are plotted as a separate from other EIIA rocks. A) Na2O+K2O-CaO vs. SiO2 after Frost et al. 
(2001). B) FeOt/(FeOt+MgO) after Frost et al. (2001). C) K2O vs. SiO2 diagram after Peccerillo and Taylor (1976). D) A/NK 
vs. A/CNK after Shand (1943). Data from A. Scherstén (unpublished data), Tegyey and Johan (1989), Liégeois et al. (1991), 
Boher et al. (1992), Ndiaye et al. (1997), Doumbia et al. (1998), Loh and Hirdes (1999), Egal et al. (2002), Dioh et al. (2006), 
Pawlig et al. (2006), Klein et al. (2008), Adadey et al. (2009) and McFarlane et al. (2011). 
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deformation, e.g. expressed as elongated, schlieren-
like enclaves indicating the granites were subcontem-
poraneous with deformation (Liégeois et al. 1991). 
 As noted by Liégeois et al. (1991), the mag-
matic rocks in southwestern Mali are similar to those 
in the Dialé-Daléma basin. This area is characterized 
by K-rich intrusive rocks and felsic volcanics (Ndiaye 
et al. 1997; Hirdes & Davis 2002; Dioh et al. 2006) 
much like southwestern Mali. This includes two-mica 
syenogranites, biotite granites as well as clinopyroxene 
granodiorites, some of which have mafic enclaves. 
Small rounded and undeformed intrusions of two-
pyroxene, K-feldspar-bearing gabbro to amphibole-
bearing monzogranite have also been reported from 
the KKI (Dioh et al. 2006). 
 The Keniero and Niandan volcanic ranges in 
the southwestern part of the EIIA domain (fig. 7) are 
constrained to have formed between 2095-2085 Ma 
(Lahondère et al. 2002, and references therein). The 
Keniero range is composed of bimodal volcanics with 
a basal layer of basalt overlain by chemical and epi-
clastic sediment followed by rhyolites and pyroclas-
tics. The basalts are reported have a composition simi-
lar to basalts formed in an intracontinental rift-
environment. The Niandan range is comprised of a 
komatiite-basalt suite which includes pillow lavas and 
volcaniclastics (Tegyey & Johan 1989; Lahondère et 
al. 2002). The komatiites within this suite exhibit a 
spinifex texture and have MgO >20 wt% (Tegyey & 
Johan 1989). The Hérémakono and Falémé belts (fig. 
7) are composed of intermediate to felsic volcanic and 
volcaniclastic rocks. In addition, the Siguiri 
(Lahondère et al. 2002) and Dialé-Daléma (Hirdes & 
Davis 2002) deep water basins in places also contain 
Fig.15 continued. Millicationic P-Q diagram after Debon and Le Fort (1983) (F) log Gd/Yb vs. log Sr/Y. G) Ternary Albite-
Anorthite-Orthoclase (CIPW norm) feldspar diagram after O’Connor (1965). H) log Rb/Sr vs. Eu/Eu* (Eu/√(Nd*Sm) after 
Kemp and Hawkesworth (2003).  
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large amounts of volcaniclastic rocks, indicating that 
they formed simultaneously with volcanic activity. 
 
4.3.3.1.2 Crustal extension in the EIIA domain 
The dominantly alkali-calcic nature of the magmatism 
within the EIIA domain, together with coeval eruption 
of mafic-ultramafic volcanics, suggests that it took 
place within an extensional environment with crustal 
thinning and mantle upwelling. The intrusive and vol-
canic rocks are not typical examples of “A-type” mag-
matism, which is more enriched in Zr-Y-Nb-REE in 
addition to being ferroan regardless of SiO2 (e.g. Frost 
et al. 2001). Instead, it may be more favorable to com-
pare them with the Caledonian post-collisional plutons 
of Frost et al. (2001), which are dominantly alkali-
calcic and magnesian, only reaching ferroan composi-
tions at high SiO2.      
 The EIIA magmatism is coeval with wide-
spread shearing along the Sassandra (Egal et al. 2002) 
and Banifin shear zones (Liégeois et al. 1991) as well 
as the collision between Archean and Birimian crust in 
the southern Baoulé Mossi domain and its extension 
into the Guyana shield in the Amazon Craton. It was 
also contemporaneous with ongoing subduction to-
wards the west and the EIIA domain could thus still be 
influenced by subduction processes. Continued sub-
duction may have led to the convergence of the Sarma-
tia-Man domain and Volgo-Uralia blocks (fig. 4) 
which appear to have been amalgamated around 2.05 
Ga (Shchipansky et al. 2007; Bogdanova et al. 2008).  
 The older Eoeburnean rocks within the EIIA 
domain (Lahondère et al. 2002; McFarlane et al. 2011) 
would therefore correspond to the basement to the 
rocks formed during the EII phase. This is analogous 
to the situation in the Reguibat shield where 2.20-2.18 
Ga orthogneisses occur as massifs among 2.09-2.07 
Ga intrusive and volcanic rocks formed in response to 
crustal extension (Peucat et al. 2005). The similarities 
between the EIIA domain and the Reguibat shield are 
further discussed below in section 4.3.3.1.5. 
 Rifting within the Birimian crust has also been 
invoked by e.g. Milési et al. (1989) and Feybesse and 
Milési (1994) to account for the presence of e.g. the 
volcanics of the Keniero and Niandan volcanic ranges 
and sheeted dikes within sedimentary basins. The pres-
ence of both subduction- and rift-related mafic volcan-
ics within the Baoulé Mossi domain explain some of 
controversy surrounding the Birimian lithostrathigra-
phy (see section 2.2.2.5), compounded by a lack of 
precise radiometric ages. 
 
4.3.3.1.3 The Plutonic belt — an active continen-
tal margin? 
Egal et al. (2002) proposed that the granodiorites and 
granites of the Plutonic belt in eastern Guinea formed 
along a short-lived (2.09-2.07 Ga) active continental 
margin analogous to the Andes (see also section 
2.2.3.2). The participation of an evolved component in 
the source of the intrusive rocks of the Plutonic belt is 
indicated by their enriched composition, e.g. high 
REE, Zr, Th and K2O/Na2O (Egal et al. 2002). In addi-
tion, Boher et al. (1992) found that intrusive rocks 
from this region had an evolved Sm-Nd isotopic com-
position requiring derivation from an isotopically 
evolved source which is likely Archean considering 
the proximity to the Man domain. 
 While the participation of Archean crust in the 
formation of the Plutonic belt is thus well supported 
there are several problems with the interpretation of 
the Plutonic belt as the remnant of an active continen-
tal margin when considering it in context of the mag-
matic and tectonothermal activity elsewhere in the 
Man and Baoulé Mossi domains. These include the 
widespread and coeval magmatic-tectonothermal ac-
tivity throughout the EIIA domain, the presence of 
coeval komatiites and continental basalts, the alkali-
calcic character of magmatic rocks and the presence of 
scattered Eoeburnean rocks within a domain otherwise 
characterized by activity younger than 2.10 Ga. As 
discussed above, these characteristics can be more 
easily explained by a model involving rifting of Eoe-
burnean crust around 2.10 Ga.  
 Within the model presented here, it therefore 
seems more suitable to consider the magmatism in the 
plutonic belts as being a part of the magmatic activity 
seen elsewhere within the EIIA domain, although with 
the exception that it was partly sourced from Archean 
crust. As the Birimian crust of the EIIA domain was 
extended, upwelling mantle beneath would have been 
juxtaposed with the felsic Archean crust of the north-
eastern Man domain, thus providing the necessary heat 
to initiate melting. The synkinematic nature of the 
early granodiorites and granites and the post-kinematic 
monzogranites constrain shearing along the Sassandra 
shear zone to 2090-2070 Ma (Egal et al. 2002). This is 
coeval with shearing along the Banifin shear zone 
(Liégeois et al. 1991) and is a further indicator that 
magmatism within the EIIA domain is related, even 
though the rocks near the Banifin shear zone are juve-
nile (Liégeois et al. 1991; MacFarlane et al. 2011).  
 The presence of relict clinopyroxene as cores in 
amphibole as well as mafic enclaves (although Egal et 
al. 2002 do not appear to distinguish between micro-
granular mafic enclaves indicative of magma mingling 
or xenoliths) in granodiorites and granites within the 
Plutonic belt indicate that the granitoids may contain a 
mafic mantle-derived component in addition to crustal 
sources, although the latter likely dominates (Egal et 
al. 2002). This mafic component could be derived 
from partial melting of upwelling mantle beneath the 
Birimian crust of the EIIA domain. The apparent sub-
duction signature of the Plutonic belt, such as low 
HFSE and high LILE (Egal et al. 2002), may simply 
be attributed to inheritance (Arculus 1987; Roberts & 
Clemens 1993) from sources which were formed in an 
active arc, or to the effect of residual minerals during 
partial melting.  
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4.3.3.1.4 Archean crust in NW Ivory Coast — a 
marker of lateral displacement? 
As discussed in section 2.2 the extent of Archean crust 
in northwestern Ivory Coast is uncertain (fig. 5). Nev-
ertheless, Milési et al. (1989) obtained Archean ages 
from orthogneisses, some of which were mylonitic, 
close to the Sassandra shear zone thus showing that 
Archean crust is indeed present in this region. It is 
hard to say how extensive these occurrences of Ar-
chean crust are in this region.  
 Feybesse and Milési (1994) interpreted the Ar-
chean crust in northwestern Ivory Coast as exposed 
basement to allochthonous Birimian crust. However, 
the presence of widespread thrusting has since been 
challenged (Kouamelan et al. 1997; Egal et al. 2002). 
An alternative explanation for the presence of Archean 
crust in northwestern Ivory Coast may be that they 
represent crustal fragments separated from the main 
mass of Archean crust in the Man domain during sinis-
tral shearing along the Sassandra and Banifin shear 
zones. This would in such a case imply a relative 
northwards displacement of at least 200-300 km (fig. 
8).  
 While such a model would be compatible with 
the sinistral movement recorded along the Sassandra 
(Kouamelan et al. 1997; Egal et al. 2002) and Banifin 
(Liégeois et al. 1991) shear zones further radiometric 
dating of rocks on both sides of the shear zones is re-
quired to constrain the extent of Archean and Birmian 
crust, and to find out whether Archean crust is primar-
ily located along the shear zones or form a larger do-
main to the east of the Sassandra and Banifin shear 
zones (fig. 7). 
 
4.3.3.1.5 The EIIA and Yetti-Eglab domains — a 
Paleoproterozoic SLIP? 
Coeval with the formation of the EIIA domain and the 
extensional-related alkali-calcic magmatism a similar 
development also took place in the Yetti and Eglab 
massifs in the eastern Reguibat Shield (Algeria) in the 
north of the WAC (fig. 1). Here, crustal extension be-
tween 2.09-2.07 Ga led to extrusive and intrusive 
high-K magmatism within a basement comprised of 
2.20-2.18 Ga orthogneisses (Kahoui & Mahdjoub 
2004; Peucat et al. 2005). Early magmatism during the 
period 2.09-2.07 Ga consisted of trondhjemite and 
tonalite intrusions together with calc-alkaline basalt-
andesite-rhyolite. This was followed by more potassic 
magmatism including alkaline gabbros, syenites, mon-
zogranites and a peralkaline ring complex as well as 
eruption of extensive ignimbrites around 2.07 Ga. The 
presence of tholeiitic to alkaline gabbros, tholeiitic 
Skaergaard-type layered intrusions and calc-alkaline 
lamprophyres indicate that both enriched and depleted 
mantle sources contributed to magmatism during this 
stage (Peucat et al. 2005). 
 Peucat et al. (2005) proposed a model for the 
Eglab massif in which subduction led to the develop-
ment of a mature island arc between 2.20-2.18 Ga, 
corresponding to the orthogneisses now exposed in the 
Eglab massif. Following a long period of apparently 
low magmatic activity, subduction eventually led to 
collision at circa 2.1-2.09 Ga between the island arc 
and the Yetti massif, the latter exposed along the Alge-
rian-Mauritanian border (fig. 1). Structures along the 
contact between the Eglab and Yetti massifs indicate 
transpression, which appear to have resulted in thrust-
ing of the former massif on top of the latter. Subse-
quent extension between 2.09-2.07 Ga, possibly due to 
slab rollback or delamination, triggered the post-
collisional bimodal magmatism in both the Eglab and 
Yetti massifs. 
 Peucat et al. (2005) noted several apparent dif-
ferences between the Paleoproterozoic geodynamic 
evolution of the Reguibat and Man-Leo shields. These 
authors pointed to the lack of linear volcanic belts and 
sedimentary basins in the Reguibat shield. In addition, 
they also compared mafic rocks from the two shields 
and found that those from the Reguibat shield where 
more evolved compared to those of the Man-Leo 
shield. They argued that this reflected differences in 
maturity between island arcs, which came to form the 
crust in each respective shield. However, the compari-
sons by Peucat et al. (2005) were relatively broad and 
did not take into consideration variations exhibited by 
different regions within the Man-Leo shield.  
 As it stands, the model proposed by Peucat et 
al. (2005) for the Yetti-Eglab domain shares many 
similarities with that discussed above for the EIIA 
domain. Both regions underwent extension between 
circa 2.10-2.07 Ga, which led to extensive intrusive 
and extrusive magmatism spanning a compositional 
range from felsic to mafic (although felsic composi-
tions appear to predominate) with an alkali-calcic af-
finity (fig. 16). This suggests that the two areas may be 
related — perhaps forming part of a more than 1500 
km long and 400 km wide crustal domain that under-
went extension between circa 2.10-2.07 Ga. Although 
it is hard to evaluate the prospect of such a model 
since the intervening crust is covered by the sediment 
of the Taoudeni basin it does not appear as to far-
fetched, considering the compositional and temporal 
similarities between these two domains. 
 Even though the EIIA and the Yetti-Eglab do-
mains may belong to the same crustal domain — sub-
jected to extension at circa 2.10-2.07 Ga — there are 
nevertheless some differences between them in terms 
of magmatic style and composition at this time. The 
felsic rocks of the Reguibat shield have a more pro-
nounced “A-type” characteristic (e.g. Whalen et al. 
1987; Bonin 2007) compared to those in the EIIA do-
main with higher Fe*, Zr, Y, Nb and REE (fig. 16), 
along with the presence of rocks such as alkaline ring-
complexes (Kahoui & Mahdjoub 2004; Peucat et al. 
2005) or Rapakivi granites (Rocci et al. 1991). Ferrous 
samples with high-silica also exhibit quite prominent 
Eu-anomalies indicating that they formed through par-
tial melting of quartzofeldsphatic crust at low pressure 
(<4 kbar) leaving residual plagioclase and orthopyrox-
ene (Patiño Douce 1997; Frost & Frost 2011). Such 
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shallow melting requires a high heat flow, which is 
consistent with the period of crustal extension envi-
sioned by Peucat et al. (2005). Komatiites, while pre-
sent in the Niandan volcanic range in the EIIA domain 
(Milési et al. 1989; Tegyey & Johan 1989) have not 
been recognized in the Birimian crust of the Reguibat 
shield (Peucat et al. (2005).  
 Assuming that the samples from the Reguibat 
shield and the EIIA domain are representative of the 
magmatism in their respective regions during the EII 
phase then they show that these areas were defined by 
different magmatic processes. This cannot be attrib-
uted to differences in exposed crustal level as both the 
EIIA (e.g. Liégeois et al. 1991; Hirdes & Davis 2002; 
Lahondère et al. 2002) and Yetti-Eglab (Peucat et al. 
2005) domains are characterized by at most green-
schist-amphibolite facies conditions. The differences 
in magmatic style between these areas must therefore 
be related to other factors. Ferroan melts are hotter and 
drier compared to those that are magnesian (Frost & 
Frost 2011). The differences between the magmatism 
in the EIIA and Yetti-Eglab domains between 2.10-
2.07 Ga could therefore be related to drier and hotter 
magmatism in the Yetti-Eglab domain to the north 
compared with the EIIA domain to the south. This 
could perhaps be related to a more proximal position 
of the EIIA domain relative to an active subduction 
zone, which could provide more water to the magmatic 
Fig. 16. Geochemical diagrams for combined volcanic and intrusive rocks from the EIIA domain (including the Plutonic belt) 
and the Reguibat Shield. A) FeOt/(FeOt+MgO) after Frost et al. (2001). B) K2O vs. SiO2 diagram after Peccerillo & Taylor 
(1976). C) (Na2O+K2O)/CaO vs. Zr+Nb+Ce+Y after Whalen et al. (1987). D) FeOt/MgO vs. Zr+Nb+Ce+Y after Whalen et al. 
(1987). Data for EIIA domain from Tegyey and Johan (1989), Liégeois et al. (1991), Boher et al. (1992), Ndiaye et al. (1997), 
Egal et al. (2002), Dioh et al. (2006), Pawlig et al. (2006) and McFarlane et al. (2011). Data for the Reguibat shield from Kahoui 
& Mahdjoub (2004) and Peucat et al. (2005).  
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system in this domain. Alternatively, the Yetti-Eglab 
domain may have experienced more extension com-
pared to the EIIA domain, leading to the greater de-
grees of partial melting in upwelling mantle. In this 
setting, hot and dry mafic melts could either trigger 
crustal anatexis through dehydration melting or frac-
tionate to form high-silica ferroan (“A-type”) rocks 
(Patiño Douce 1997; Frost & Frost 2011). 
 If the EIIA and Yetti-Eglab domains are indeed 
connected along a northeast-southwest oriented belt 
that cuts across the WAC it could potentially corre-
spond to a siliceous large igneous province (SLIP, 
Bryan 2007; Pankhurst et al. 2011; Bryan & Ferrari 
2013). SLIPs typically form areally extensive (>0.1 
Mkm2) linear belts defined by large volumes (>0.25 
Mkm3) of extrusive and subvolcanic rocks formed 
during a fairly short period of time (<40 Ma). In par-
ticular, the SLIPs are characterized by large volumes 
of volcaniclastic rocks, such as ignimbrites. The mag-
matism is dominated by felsic compositions although 
mafic and intermediate compositions are also present. 
In terms of their chemical composition, magmatic 
rocks associated with SLIPs are transitional “arc” and 
“within-plate” signatures.  
 All these characteristics (spatial and temporal 
extent, type of magmatism) are exhibited by the mag-
matic activity in the EIIA and Yetti-Eglab domains 
during the EII phase. Although SLIPs have so far only 
been recognized from the Phanerozoic (Bryan 2007; 
Pankhurst 2011) the potential existence of a SLIP in 
the WAC would extend the record of SLIPs back to 
the Paleoproterozoic. 
 
4.3.3.2 Eburnean IIB 
The EIIB crustal domains correspond to the Bandama-
Banfora basin in the central Ivory Coast and south-
western Burkina Faso as well as the Comoé-Sunyani 
basin in southeastern Ivory Coast and west-central 
Ghana (fig. 7). The maximum age of the Bandama-
Banfora basin is constrained by handful of detrital 
zircon obtained by Doumbia et al. (1998), which 
yielded ages between 2133-2107 Ma (Pb-Pb on zir-
con). The Ferkéssédougou two-mica leucogranite that 
intrudes the Bandama-Banfora basin was dated by the 
same authors to 2094±6 Ma (Pb-Pb on monazite). The 
two-mica leucogranites within the Comoé-Sunyani 
basin have been dated by several authors to between 
2095-2080 Ma (figs. 14 and 17). Vidal et al. (2009) 
proposed that the leucogranites within the Comoé-
Sunyani basin were exposed at a shallower crustal 
level than the Ferkéssédougou batholith. At depth, the 
individual leucogranites in the Comoé-Sunyani would 
thus connect to form a similarly sized batholith. 
 While there is no detrital zircon available from 
the EIIB part of the Comoé-Sunyani basin the termina-
tion of the Ouango-Fitini shear zone, associated with a 
syn-kinematic tonalite  dated by Hirdes et al. (1996) to 
2110±6 Ma (TIMS on zircon), provides an upper age 
for the formation of the basin. Based on these temporal 
constraints both the Comoé-Sunyani and Bandama-
Banfora basins actually straddle the transition between 
the EI and EII phases and likely began to open during 
the later EI phase. This highlights the fact that the Eb-
urnean phases form part of a continuum rather than 
representing discrete events. However, magmatism 
appears to have taken place entirely within the EII 
phase which justifies their classification as EIIB do-
mains. 
 Altogether, the similar composition, subparallel 
orientation, extent and coeval emplacement suggest 
that the leucogranites in the Bandama-Banfora and 
Comoé-Sunyani basins, and in extension the basins 
themselves, formed in response to the same event. The 
coeval presence of extension-related magmatism 
within the EIIA domain must also be considered, as 
will must collision between the Man domain and the 
Birmian crust, which reached its peak around 2.10-
2.09 Ga. Assuming that a similar extensional regime 
affect the Eoeburnean crust in eastern Baoulé Mossi 
this would have provided a setting in which the EIIB 
basins could have opened. Preferentially oriented shear 
zones formed during the EI phase, such as the GFB 
shear zone, could have acted as nuclei for the basins. 
 The dominantly siliciclastic rocks of both the 
Bandama-Banfora (Doumbia et al. 1998; Pouclet et al. 
2006) and Comoé-Sunyani basins (Vidal et al. 1996, 
2009) have been gently compressed into northeast-
southwest striking upright folds which pre-date the 
magmatic activity. Shearing also took place during the 
inversion of the basins (Pouclet et al. 2006; Feybesse 
et al. 2006; Vidal et al. 2009). This shows that the EII 
domains did not form entirely within a transtensional-
extensional regime but that it also involved transpres-
sion-compression. This likely reflects the interplay 
between extension due to slab rollback followed by 
post-collisional transpression and sinistral shearing 
following peak collision between the Man domain and 
the Birmian crust in the south.   
 In west-northwest São Luís Craton, two-mica 
leucogranites belonging to the Tracuateua intrusive 
suite (Klein et al. 2008) have been dated by Palheta et 
al. (2009) to around 2090 Ma (Pb-Pb on zircon). Based 
on the pre-Atlantic reconstruction of Onstott et al. 
(1984, after Bullard et al. 1965) in figure 2, this part of 
the São Luís Craton is placed in a position in which 
the Tracuateua intrusive suite appear to form an exten-
sion of the coeval two-mica leucogranites within the 
Comoé-Sunyani basin. Exposed Birmian rocks to the 
southeast of the Tracuateua intrusive suite are compo-
sitionally and temporally similar to those of the Sefwi 
belt (compare e.g. Klein et al. 2008 with Hirdes et al. 
1993 and Agyei Duodu et al. 2009). If correct, such a 
connection could be used as an additional tie-point in 
WAC and São Luís Craton reconstructions. 
 
4.3.3.2.1 EIIB magmatism 
The two-mica leucogranites within the Comoé-
Sunyani (Hirdes et al. 1993; Vidal et al. 2009; Jessell 
et al. 2012) and Bandama-Banfora basins (Doumbia et 
al. 1998; Pouclet et al. 2006) are the most dominant 
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expressions of magmatism associated with the EIIB 
domains. The alkaline Ninakri massif intrudes the 
Bandama-Banfora basin close to the Ferkéssédougou 
batholith and is composed of nepheline and quartz 
syenites. Although the Ninakri massif has not been 
dated, and could therefore postdate the EII phase, it 
has nevertheless been included here. This is mainly 
because of the reported presence of alkali-calcic mag-
matism within the EIIA domain and Reguibat shield at 
this time.  
 Just like magmatism in the EIIA domain, the 
magmatism associated with the EIIB domain is distinct 
from that of the EE and EI phases. Analyzed samples 
from the EIIB domain, also including samples from 
rocks intruding into EE and EI domains, are high SiO2 
(>60 wt%), medium to high-K, calc-alkalic to alkali-
calcic and dominantly magnesian, except for some 
differentiated samples (fig. 15). The only exception is 
samples from the alkaline Ninakri massif, which has 
lower SiO2, is alkaline and ferroan. However, since 
these intrusions have been dated using any precise 
method, it is possible that they may be younger than 
the EII phase. Their inclusion in figure 15 is therefore 
only tentative. 
 The two-mica leucogranites in the EIIB do-
mains are the only ones of this size in the Baoulé 
Mossi domain. The Ferkéssédougou batholith was 
interpreted by Doumbia et al. (1998) to have formed 
from water-saturated melting at 4-5 kbar and 600-
700°C during syn-magmatic shearing, This is in line 
with general models for two-mica leucogranites which 
favor formation in a syn-kinematic setting where fluids 
are concentrated within shear zones triggering low 
temperature water-saturated melting (Barbarin 1996). 
Syn-kinematic magmatism may also weaken the crust, 
thus facilitating further shearing. 
 
4.3.3.2.2 Emplacement of the two-mica leu-
cogranites 
Different models have been proposed regarding the 
style of emplacement for the two-mica leucogranites 
within the Comoé-Sunyani basin. The granites have an 
elongate shape in map view and Feybesse et al. (2006) 
proposed that they had been emplaced syn-
kinematically during sinistral shearing. Vidal et al. 
(2009) also argued for synkinematic emplacement 
during sinistral shearing but also argued for the in-
volvement of a vertical component in which the leu-
cogranites rose relative to the surrounding sediment 
because of density contrasts. Jessell et al. (2012), 
based on finite element modelling, instead argued that 
the leucogranites were dominantly pre-kinematic and 
had acquired their distinct elongate shape during post-
magmatic shearing, responsible for up to 400 km of 
lateral, possibly dextral, displacement along the Sefwi-
Sunyani-Comoé shear zone (fig. 7).  
 A syn-kinematic origin for the two-mica leu-
cogranites, in the Comoé-Sunyani as well as the Ban-
dama-Banfora basin, is favored in the geodynamic 
model presented here. Dominantly pre-kinematic em-
placement of the leucogranites, as proposed by Jessell 
et al. (2012), appears unlikely for several reasons. One 
reason is the coeval nature of the leucogranites in the 
Comoé-Sunyani and Bandama-Banfora basins. If the 
elongate shape of the granites within the Comoé-
Sunyani basin was acquired after emplacement, then 
this should also be the case for the Ferkéssédougou 
leucogranite in the basin, which contrasts with the 
interpretation of Doumbia et al. (1998). As a conse-
quence, both of the basins should have been subjected 
to extensive shearing each associated with up to 400 
km of lateral displacement. 
 As discussed above, there is evidence for shear-
ing along the Sassandra (Egal et al. 2002) and Banifin 
(Liégeois et al. 1991) shear zones in the western part 
of the Baoulé Mossi domain during the EII phase. This 
occurred during peak collision between Archean crust 
in the Man domain-Imataca complex-Amapá block 
(fig. 4) and the intervening Birimian crust (see further 
discussion in section 4.3.4.1). In this setting it would 
seem unlikely that the two-mica leucogranites within 
both the Comoé-Sunyani and Bandama-Banfora basins 
would have been unaffected by shearing, especially 
considering the weakening effect that melting would 
have had on the crust (Barbarin 1996).  
 An elongate shape is also not limited to the 
extensive two-mica leucogranites in EIIB domains but 
is also exhibited by other two-mica granites within the 
Baoulé Mossi domain although these are volumetri-
cally smaller than those in the EIIB domains (fig. 17). 
The most prominent are the N’Zi and Kowara granites 
southeast of the Ferkéssédougou batholith (Doumbia 
et al. 1998; Gasquet et al. 2003) and the Awahikro 
granite in the Haute-Comoé basin (Vidal et al. 2009). 
All of these granites have an elongate shape and are 
associated with shear zones. The Kowara granite was 
interpreted as syn-kinematic by Doumbia et al. (1998). 
It is oriented in the same northeast-southwest direction 
as the leucogranites in the EIIB domains but is about 
20-30 Myr older, dated to 2118±2 Ma (TIMS on zir-
con) by Gasquet et al. (2003). It is cut by the north-
south oriented N´Zi granite, which was emplaced 
along the N’Zi-Brabo shear zone (Gasquet et al. 2003). 
Despite their different age and orientation, these two-
mica granites nevertheless exhibit an elongate shape. 
These features are clearly not restricted to the leu-
cogranites in the EIIB domains but rather appear typi-
cal for two-mica granites within the Baoulé Mossi 
domain.   
 Although it has been argued here that the elon-
gate shape of the leucogranites is a primary feature 
established during their emplacement it is also recog-
nized that the Birimian crust of the Baoulé Mossi was 
affected by shearing which post-dated the formation of 
these granites. This is for example recorded by the 
formation of the Ashanti lode-gold deposits that has 
been dated to 2063±7 Ma (SHRIMP on hydrothermal 
xenotime) by Pigois et al. (2003) and which was asso-
ciated with sinistral shearing along the Ashanti fault 
(Perrouty et al. 2012). However, post-magmatic shear-
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ing associated with the leucogranites would in such a 
case be less than the 400 km estimated by Jessell et al. 
(2012). 
 Sinistral shearing thus appears to have domi-
nated the Birmian crust during the EII and EIII phases. 
This is also the case for the Guyana shield, which is 
considered to have been affected by prolonged sinistral 
shearing during this time period (Delor et al. 2003a). 
The sinistral movement would have stemmed from 
southward displacement of the Man domain as Ar-
chean crust in the east represented by the Amapá block 
(and likely older Paleoproterozoic crust in the east, see 
section 4.3.1.2.1), moved northwards, relative to the 
present day Baoulé Mossi domain. Lateral escape may 
also have been important during this period of sinistral 
transpression as the subduction zone to the west would 
have provided a free face for displaced crust (Redfield 
et al. 2007). 
 
4.3.3.2.3 On the lack of magmatic activity in NE 
Baoulé Mossi 
The lack of magmatism in northern Ghana and eastern 
Burkina Faso during the EII phase is notable (fig. 14). 
With the exception of a microdiorite dated to 2052±16 
Ma (Pb-evaporation on zircon) by Abdou (1992, in 
Soumaila et al. 2008) and a K-feldspar phenocrystic 
granite-monzogranite from the Nangodi belt dated to 
2095±1 Ma (TIMS on zircon) by Agyei Duodu et al. 
(2009) there are no rocks <2.10 Ga in this region. In 
the Bole belt and Maluwe basin in northeastern Ghana 
magmatic activity largely ceased at 2118 Ma with the 
intrusion of late alkaline granites and gabbros (de 
Kock et al. 2009, 2012; Siegfried et al. 2009; Thomas 
et al. 2009). After 2118 Ma, magmatic and tectono-
thermal activity in this area was limited to reactivation 
of shear zones, metamorphic growth on zircon (2.10-
2.09 Ga) and intrusion of a few late but as of yet un-
dated granitoids.  
 The apparent lack of magmatic activity after 
circa 2.10 Ga in the northeastern portion of the Baoulé 
Mossi domain — bounded by the Haute-Comoé-
Houndé basin in the west and the Comoé-Sunyani ba-
sin to the south — contrast with the otherwise wide-
spread magmatism seen elsewhere within this domain 
during the EII phase. A striking feature of the north-
eastern part of the Baoulé Mossi domain is the lack of 
the large, elongate sedimentary basins which otherwise 
define the central and southeastern parts of the Baoulé 
Mossi domain. These basins (in particular Banfora-
Bandama and Comoé-Sunyani) are also characterized 
Fig. 17. Schematic map highlighting two-mica leucogranites within the Baoulé Mossi domain. See figure 5 for legend for other 
lithological units. Data compiled from the following sources: 1 - Doumbia et al. (1998); 2 - Gasquet et al. (2003); 3 - Egal et al. 
(2002); 4 - Tagini (1972); 5 - Vidal et al. (2009); 6 - Jessell et al. (2012); 7 - A. Scherstén, unpublished data. Abbreviations for 
geochronological data as in figure 7.  
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by widespread magmatism during the EII phase.  
 The distribution of magmatism during the EII 
phase may be largely controlled by structures estab-
lished during the EI phase. As discussed above, the 
Banfora-Bandama and Comoé-Sunyani basins (i.e. the 
EIIB crustal domains) may have opened along shear 
zones established during the EI phase synchronous 
with the opening of the Haute-Comoé-Houndé, Ban-
fora and Kumasi basins. As the EII magmatic activity 
is located in or near EI and EIIB sedimentary basins it 
appears to be structurally controlled. The lack of mag-
matism in the northeastern Baoulé Mossi domain may 
therefore be a consequence of structures established 
already during the EI phase.  
 As the Birimian crust was subject to wide-
spread extension during the EII phase the northeastern 
portion of the Baoulé Mossi domain would have re-
mained largely unaffected as this extension, and any 
associated magmatism, would have been preferentially 
partitioned into existing EI structures or basins. The 
same may be assumed to have occurred during any 
subsequent deformational phases. Also, as the subduc-
tion zone migrated further to the west its influence 
would simultaneously decrease, eventually leading to 
the termination of subduction-related magmatic activ-
ity in the east. 
 
4.3.4 Eburnean III (<2.07 Ga) — figure 18 
As can be seen in figure 18 there was little magmatic 
activity within the Baoulé Mossi and Man domains 
after circa 2.07 Ga. However, three important features 
of the Birimian event can still be indentified in this last 
phase. Although they are discussed separately in the 
sections below, they all reflect the final convergence 
and stabilization of the Birimian crust in the Baoulé 
Mossi and Man domains.  
 The main feature of the EIII phase is the pres-
ence of circa 2.05-2.03 Ga crustal anatexis in the 
southeastern Man domain linked to high-P granulite 
metamorphism. As will be discussed below this is the 
crustal anatexis following peak convergence and 
crustal thickening around 2.10-2.09 Ga. However, this 
development was mostly restricted to the Guyana 
Shield in the Amazon Craton (figures 3 and 4), which 
requires a closer look at the geodynamic evolution for 
this shield. 
 The two other features of the EIII phase are 
related to the post-collisional evolution of the Birimian 
crust, which included late deformation and magmatism 
between 2.00-1.80 Ga together with gradual cooling of 
the Birimian crust between 2.05-1.90 Ga. 
 
4.3.4.1 High-grade metamorphism and crustal 
anatexis in the SE Man domain 
The main magmatic activity during the Eburnean III 
phase took place along the present southeastern por-
tion of the Man domain which at this time underwent 
crustal anatexis linked to high-P granulite metamor-
phism (Hurley et al. 1971; Kouamelan et al. 1997; 
Cocherie et al. 1998; Triboulet & Feybesse 1998; Pitra 
et al. 2010). Radiometric ages from migmatites, leu-
cogranite, syenite (SHRIMP and Pb-Pb on zircon, 
EMP on monazite) and metabasites (Sm-Nd isochron) 
in the southeastern portion of the Man domain fall 
between 2055-2020 Ma and record the tectonothermal 
and magmatic effect of this event.   
 The apparently localized presence of granulite 
metamorphism and crustal anatexis at 2.05 Ga may 
partly be attributed to a lack of geochronological data. 
However, no ages in this interval has been reported 
from more extensively studied areas such as the Bole 
belt and Maluwe basin (fig. 7), from which a relatively 
large number of precise (SHRIMP on zircon) ages 
have been obtained (de Kock et al. 2009, 2011). If it 
had been affected by this tectonothermal event it 
seems likely that it would have been recorded, for ex-
ample as rims on zircon. The lack of ages in this inter-
val from the Bole belt and Maluwe basin thus suggest 
that it remained unaffected by the event which did 
affect the southeastern Man domain.  
 The southeastern Man domain is the only 
known area in the Man and Baoulé Mossi domains 
which was affected by granulite facies conditions dur-
ing the Birimian event. The peak HP-HT conditions 
obtained by Triboulet and Feybesse (1998) and Pitra et 
al. (2010) at 1000°C, 14 kbar and 850°C, 13 kbar, re-
spectively, clearly stand out among the lower grade 
Birimian rocks of  the Baoulé Mossi domain. Assum-
ing that the peak P-T conditions reflect a Birimian (as 
opposed to Neoarchean, see section 2.2.3) overprint it 
is still unclear whether they are recorded by the radio-
metric ages obtained in this region (fig. 18) or if these 
ages rather correspond to the retrograde conditions 
(700-800°C, <7 kbar) recognized by Pitra et al. (2010). 
 The apparently localized effect of the circa 2.05 
Ga tectonothermal and magmatic event in the Man 
domain may be explained by juxtaposing the WAC 
and Amazon Craton using the Midgardia configuration 
(fig. 4) of Johansson (2009). This places the Amazon 
Craton south of present day WAC, connecting the 
Imataca complex with the Man domain. Previous 
workers, such as Feybesse and Milési (1994) and No-
made et al. (2003), have also the placed the WAC and 
the Amazon Craton in this configuration, recognizing 
Fig. 18. A compilation of geochronological data from the Eburnean III phase. See figure 7 for legend and references. Inset 
shows a schematic depiction of the geodynamic setting during the Eburnean III phase (<2.07 Ga). This phase was characterized 
by crustal relaxation and extension-transtension following the main collision between the Man domain and the Birmian crust. 
Relaxation led to uplift and retrograde metamorphism-crustal anatexis within the Archean crust that had been subjected to 
granulite facies metamorphism during the EII phase (however, for alternate possibilities see section 4.3.4.1.3). Magmatic 
activity during the Eburnean III phase was limited to anatexis within uplifted Archean crust and scattered intrusions within the 
Baoulé Mossi domain. Cooling ages from amphibole, biotite and muscovite indicate that the Birimian crust stabilized around 2.0
-1.9 Ga. Late deformation may have taken place in response to far-field tectonothermal events. 
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the convergence between the Archean crust in the 
southeastern Amazon Craton (including the Amapà 
block) with the Archean crust of the Man domain. This 
configuration will form the foundation for the discus-
sion below regarding the geodynamic setting of the 
Birimian granulites. It follows that this assumes that 
the configuration is “correct” and actually reflects the 
position of the WAC and Amazon Craton during the 
Birimian event. 
 
4.3.4.1.1 Granulite occurrences in Midgardia 
The following section will present a short overview of 
granulite-facies domains in the WAC and the Guyana 
shield in the Amazon Craton. The locations of these 
domains within the Midgardia-configuration are 
shown in figure 19. Unlike the WAC, where granulites 
are only present in the Man domain, there are more 
widespread occurrences of granulites in the Guyana 
shield. These are, from northwest to southeast, the 
Imataca complex, Bakhuis UHT-granulite belt and the 
Amapá block. 
 
4.3.4.1.1.1 Man domain and Imataca complex 
In the Midgardia-configuration of Johansson (2009) 
the Man domain in the WAC connects with the Ar-
chean Imataca complex in the Guyana Shield (fig. 4). 
The Imataca complex is comprised of migmatized or-
tho- and paragneisses, occasional anatectic granitoids 
and quartzofeldsphatic granulites (Swapp & Onstott 
1989; Tassinari et al. 2004). These gneisses appear to 
have been derived from granite-greenstone protoliths 
with Sm-Nd model ages between 3.7-2.8 Ga. Like the 
Man domain, the Imataca complex was also subjected 
to a Neoarchean (2.8 Ga) tectonothermal event 
(Tassinari et al. 2004). However, unlike the Man do-
main, juvenile additions occur in the Imataca complex 
(although the limited data available data from the Man 
domain means that Neoarchean juvenile additions can-
not be ruled out) 
 As discussed above, P-T conditions in the Man 
domain record HP-HT conditions (700-1000°C at 13-
14 kbar) interpreted to have been associated with 
crustal anatexis between 2055-2020 Ma. Lower grade 
conditions have been reported from the Imataca com-
plex were Swapp and Onstott (1989) and Tassinari et 
al. (2004) obtained peak P-T conditions at 750-800°C, 
8-8.5 kbar and 750-800°C, 6-8 kbar, respectively. Tas-
sinari et al. (2004) obtained an age of 2055±28 Ma 
(SHRIMP on zircon) from a zircon rim which they 
proposed may lay close to peak metamorphism. How-
ever, because of the thin zircon rims the possibility of 
mixing could not be ruled out. Other methods (e.g. 
Sm-Nd isochrons) yield slightly younger ages around 
2.0 Ga and the Birimian overprint was broadly con-
strained by Tassinari et al. (2004) to 2.05-1.98 Ga. 
 Granulite facies conditions were interpreted by 
Tassinari et al. (2004) to have developed when the 
Imataca complex collided with the Birimian crust of 
Fig. 19. Location of reported occurrences of 2.10-1.98 Ga granulites in the Man-Leo and Guyana shields shown here in a pre-
Pan African-Brasiliano position following Onstott et al. (1984) and Johansson (2009). See figure 3 for legend. Timing and 
indicators of granulite conditions (P-T data or, if lacking, lithological associations) after the following references; 1 - Pitra et al. 
2010; 2 - Triboulet & Feybesse 1998; 3 - Kouamelan  et al. 1997; 4 - Cocherie et al. 1998; 5 - Tassinari et al. 2004; 6 - Roever et 
al. 2003; 7 - Avelar et al. 2003, and references therein; 8 - Rosa-Costa et al. 2006; 9 - Rosa-Costa et al. 2008; 10 - Fraga et al. 
2009a; 11 - Fraga et al. 2009b. Simplified tectonic maps after Macambira et al. (2009, with modifications from Rosa Costa et al. 
2006) and Baratoux et al. (2011). 
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the Maroni-Itacaiunas province. This led to crustal 
thickening through crustal imbrication. Subsequent 
transpression led to the sinistral shearing along the 
Guri fault which marks the contact between the 
Imataca complex and Birimian crust of the Maroni-
Itacaiunas province (Swapp & Onstott 1989; Tassinari 
et al. 2004). The Guri fault is considered to form an 
extension of the sinistral Sassandra shear zone in the 
Man-Leo shield (Onstott et al. 1984). The model for 
the Imataca complex, involving thrusting followed by 
shearing in a transpressional regime, is equivalent to 
the model by Feybesse and Milési (1994) for the con-
tact between the Man and Baoulé Mossi domains but 
differs from that of Kouamelan et al. (1997) and Pitra 
et al. (2010) who do not recognize thrusting. 
 
4.3.4.1.1.2 Bakhuis UHT-granulite belt 
The Bakhuis UHT-granulite belt is 40 km wide and 
100 km long belt located in the north-central part of 
the Maroni-Itacaiunas province, near the Atlantic 
coast. The Bakhuis belt is composed of granulitic or-
tho- and paragneisses intruded by syn- to early post-
tectonic charnockites and dolerites (Roever et al. 
2003). Doleritic dykes are relatively common within 
the core of the Bakhuis belt, some of which are folded 
together with their host rocks whereas others are unde-
formed. However, all dolerites are affected by granu-
lite facies metamorphism and are thus linked to the 
metamorphism.  
 Radiometric ages (Pb-Pb zircon) obtained by 
Roever et al. (2003) from gneisses, metadolerites, 
charnockites and pegmatites fall within the period of 
2085-2050 Ma with inherited ages up to 2150 Ma. 
Interpretation of these ages, and how they relate to 
peak metamorphism, is somewhat ambiguous. Roever 
et al. (2003) proposed that the radiometric data could 
be interpreted in terms of high-grade metamorphism 
between 2090-2070 Ma followed by magmatism 
around 2065-2055 Ma. Alternatively, high-grade meta-
morphism and magmatism may have been largely coe-
val and occurred around 2070-2055 Ma whereas older 
ages reflect inherited components. No Archean rocks 
have been recognized in the Bakhuis belt, either 
through inherited zircon ages or evolved isotopic com-
positions (Roever et al. 2003). The Bakhuis belt there-
fore stand out among the other granulite occurrences 
in the WAC and Amazon Craton in that it was devel-
oped in Birimian — as  opposed to Archean — proto-
liths. 
 Some rare occurrences of UHT-metamorphism 
have been reported from the Bakhuis belt (Roever et 
al. 2003). These are comprised of quartzites and pelitic 
gneisses with orthopyroxene-sillimanite-quartz assem-
blages in which orthopyroxene contain up to 10% 
Al2O3. Sapphirine and corundum occur in quartz-rich 
rocks. Roever et al. (2003) noted the consistent lack of 
garnet within the Bakhuis UHT-assemblages which is 
otherwise present in many other UHT-occurrences 
worldwide. These authors suggested that the lack of 
garnet might be due to high oxygen fugacities. From 
petrological studies, Roever et al. (2003) proposed that 
the UTH mineral assemblages had formed during a 
counter-clockwise P-T path with peak conditions at 
900-1000°C and 8.5-9 kbar, followed by isobaric cool-
ing.  
 The Bakhuis belt occurs within a dome struc-
ture, which Roever et al. (2003) proposed developed 
coevally with the intrusion of an anorthosite pluton 
dated by the same authors to 1980±5 Ma (Pb-Pb on 
zircon). The late — in relation to peak metamorphism 
at 2.08-2.05 Ga — formation of the dome structure 
and consequent uplift of the granulite belt was re-
quired due to the isobaric cooling of the UHT granu-
lites. 
 
4.3.4.1.1.3 Amapá block 
The Amapá block is located in the southeastern part of 
the Guyana Shield. It is composed of an approximately 
west-northwest and east-southeast oriented 100 km 
wide belt of Archean rocks surrounded to the north 
and south by Birimian crust (Avelar et al. 2003; Rosa 
Costa et al. 2006, 2008). The Archean crust formed 
mainly during the Paleo- and Mesoarchean (3.3-2.8 
Ga). The Amapá block was reworked during the 
Neoarchean (2.8-2.6 Ga) and subjected to tectonother-
mal and magmatic activity during the Birimian event.   
 While there does not appear to be any quantita-
tive P-T data available from the Amapá block the pres-
ence of charnockites and granulitic gneisses neverthe-
less indicate that it has been subjected to granulite-
facies conditions. In its northeastern part, charnockitic 
plutons have been dated to 2.06-2.05 Ga while Sm-Nd 
whole rock-garnet isochrons have yielded ages be-
tween 2.03-2.00 Ga (Avelar et al. 2003, and references 
therein). In the southeastern Amapá block, U-Th-Pb 
monazite and Pb-Pb zircon ages from granulitic 
gneisses and charnockite intrusions indicate that this 
area was subjected to granulite-facies metamorphism 
and crustal anatexis around 2.10-2.09 Ga (Rosa Costa 
et al. 2006, 2008). Further anatexis and emplacement 
of monzo- and syenogranites around 2.06-2.03 Ga was 
associated with retrogression to amphibolite-facies 
conditions.  
 Based on structural relationships, Rosa Costa et 
al. (2008) argued that the 2.10-2.09 Ga granulite facies 
metamorphism in the SW Amapá block was contem-
poraneous with the development of a transpressional 
thrust system. Retrogression to amphibolite facies con-
ditions with associated crustal anatexis between 2.06-
2.03 Ga was associated with shearing along strike-slip 
shear zones. The emplacement of granites and devel-
opment of migmatites along strike-slip corridors dur-
ing this period was interpreted by Rosa Costa et al. 
(2008) as marking a post-collisional stage in the 
Amapá block.  
 
4.3.4.1.2 Previous geodynamic models for granu-
lite facies metamorphism 
Delor et al. (2003a) proposed a model for the Guyana 
shield in which the granulite domains formed during 
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the final convergence between Archean continents — 
represented by the Imataca complex and Amapá block 
— and the intervening Birmian crust. Widespread sin-
istral shearing, granitic magmatism and development 
of pull-apart basins took place between 2.11-2.08 Ga. 
This was followed by sinistral shearing between 2.07-
2.05 Ga. According to Delor et al. (2003a), this late 
shearing led to the development of crustal-scale 
boudins. The three granulite domains of the Guyana 
shield developed within the necks of these boudins as 
upwelling mantle provided a heat source for (UHT) 
granulite facies metamorphism. 
 Radiometric dating by Rosa Costa et al. (2008) 
on rocks from the SW Amapá block showed that the 
granulite facies metamorphism in this granulite do-
main (2.10-2.09 Ga) predated the ages interpreted to 
record granulite facies metamorphism in the Bakhuis 
belt (2.08-2.05, Roever et al. 2003), the Imataca com-
plex (2.05-1.98, Tassinari et al. 2004) and the Man 
domain (2.05-2.03 Ga, Kouamelan et al. 1997; Pitra et 
al. 2010). Rosa Costa et al. (2008) therefore proposed 
that granulite facies metamorphism during the late 
stage of the Birimian event in the Guiana and Man-
Leo shields had been diachronous, beginning earlier in 
the Amapá block before being progressively devel-
oped within the Bakhuis and Imataca complex-Man 
domain. As such, this temporal trend is at odds with 
the model of Delor et al. (2003a) in which the granu-
lite domains are coeval.  
 Rosa Costa et al. (2008) noted the contempora-
neous nature of the UHT granulite facies metamor-
phism in the Bakhuis belt and the post-collisional ret-
rogression to amphibolite facies condition and crustal 
anatexis within the southwestern Amapá block and 
proposed that they formed during the same stage. This 
would correspond to the late shearing recognized by 
Delor et al. (2003a) within the Guyana shield. 2.06-
2.05 Ga charnockites in northeastern Amapá block 
(Avelar et al. 2003) would also be related to this event 
(Rosa Costa et al. 2008). 
 
4.3.4.1.3 On the timing of granulite facies meta-
morphism in SE Man domain 
As discussed above, the EIII phase is characterized by 
limited magmatic activity, as can be seen in the compi-
lation of radiometric ages in figure 18. Within this 
context, the high-P granulite metamorphism within the 
southeastern Man domain (Kouamelan et al. 1997; 
Triboulet & Feybesse 1998; Pitra et al. 2010) appears 
out of place. Indeed, such an event would rather be 
expected to be associated with widespread tectonother-
mal and magmatic activity, such as took place during 
the 2.10-2.07 Ga EII phase. 
 The geochronological data that has been used to 
constrain the timing of granulite metamorphism in the 
Man domain is ambiguous. Most ages (U-Th-Pb on 
monazite, SHRIMP on zircon) have been obtained 
from migmatitic gneisses, anatectic veins or granites 
(Cocherie et al. 1998; Thiéblemont et al. 2004) and 
thus date crustal anatexis. It is not immediately clear at 
what point during the P-T evolution of the Man do-
main that anatexis occurred; in other words, does the 
magmatic ages of the above rocks record peak P-T 
conditions in the Man domain.  
 Pitra et al. (2010) recognized two metamorphic 
assemblages in a metabasite from the southeastern 
Man domain; M1 (850°C, 13 kbar) and M2 (700-
800°C, <7 kbar). The metabasitic sample upon which 
Pitra et al. (2010) performed their thermobarometric 
study had previously been dated by Kouamelan et al. 
(1997) to 2031±13 Ma using a Sm-Nd four-point 
isochron (whole rock, two garnet and plagioclase). 
Pitra et al. (2010) argued that this age, together with 
the ages from Cocherie et al. (1998) and Thiéblemont 
et al. (2004), recorded the Birimian overprint on the 
Archean crust of the Man domain. In their discussion, 
Pitra et al. (2010) recognized that the Sm-Nd age ob-
tained from their sample may record either their M1 or 
M2 assemblage, considering that the cooling age of 
garnet straddles the conditions recognized for the re-
spective assemblages. However, because of the tight 
clustering of ages (2055-2030 Ma) in the Man domain 
Pitra et al. (2010) argued that the M1 and M2 assem-
blages had both developed during this short period of 
time.  
 Although the geochronological data would thus 
seem to indicate that the Birimian high-P granulitic 
overprint was developed between 2.05-2.03 Ga, the 
lack of activity elsewhere within the Baoulé Mossi 
domain at this time seems incompatible with such an 
interpretation. The same can be said about the geody-
namic evolution in the equivalent crust of the Guyana 
shield in which the main magmatic and tectonothermal 
activity ended by 2.05 Ga (e.g. Delor et al. 2003a; 
Rosa Costa et al. 2008). The model by Rosa Costa et 
al. (2008) in which the granulites of the Bakhuis belt 
and the uplift, retrogression and crustal anatexis within 
the Amapá block occurred in a post-collisional setting 
(between circa 2.08-2.03 Ga) is also at odds with the 
development of essentially coeval high-P granulites 
within the Man domain.  
 When compared with the Amapá block it is 
interesting to note that the crustal anatexis within the 
Man domain, as recorded by migmatites (Cocherie et 
al. 1998) and emplacement of granites (Thiéblemont et 
al. 2004), is coeval with the migmatization and em-
placement of granites within the Amapá block which 
are associated with retrogression from granulite to 
amphibolite facies conditions (Rosa Costa et al. 2006, 
2008). Meanwhile, the granulite facies metamorphism 
took place between 2.10-2.09 Ga (Rosa Costa et al. 
2008). When considering the overall magmatic and 
tectonothermal evolution of the Baoulé Mossi domain 
it is clear that a similar age for the granulite facies 
metamorphism in the southeastern Man domain would 
fit better. 
 It must be pointed out that there is no age from 
the Man domain, which could be taken to support such 
an interpretation. Instead, it relies entirely on circum-
stantial evidence, such as the lack of extensive mag-
61 
matic or tectonothermal activity during the period 
2.05-2.03 Ga (fig. 18). This is clearly problematic and 
requires further high-precision geochronological in-
vestigations (SHRIMP or LA-ICP-MS) on granulitic 
rocks from this area to firmly establish whether granu-
litic metamorphism actually occurred around circa 
2.10 Ga. However, it should also be remembered that 
the currently available geochronological data from the 
Man domain is limited and is, in the view of the au-
thor, compatible with granulite facies metamorphism 
taking place at 2.10 Ga. 
 Based on the above discussion it proposed here 
that the high-P granulite metamorphism within the 
southeastern Man domain (M1 of Pitra et al. 2010) 
developed between 2.10-2.09 Ga, coevally with that in 
the Amapá block. The migmatization and emplace-
ment of granites recorded between 2055-2030 Ma 
(Cocherie et al. 1998; Thiéblemont et al. 2004) would 
in that case have taken place in a post-collisional set-
ting. This would correspond to the M2 of Pitra et al. 
(2010).  
 
4.3.4.1.4 A proposal for the tectonic setting of 
granulite facies metamorphism 
The purpose of this section is to present a model for 
the development of the granulite domains in the Man-
Leo and Guyana shields. This model is based on the 
assumption outlined above that granulite facies meta-
morphism in the southeastern Man domain, and in 
extension the Imataca complex, took place around 
2.10-2.09 Ga. Post-collisional retrogression and crustal 
anatexis occurred between 2055-2030 Ma, again con-
temporaneously with the Amapá block.   
 A schematic tectono-stratigraphic chart for the 
granulite domains in the Man domain-Imataca com-
plex, Bakhuis belt and Amapá block is shown in figure 
20. This stratigraphic chart shows the timing metamor-
phism within each belt, as well as the timing and type 
Fig. 20. A proposed simplified stratigraphy for magmatic and tectonothermal events in the granulite domains of SE Man domain
-Imataca complex, Bakhuis belt and Amapá block for the period 2.10-2.00 Ga. References for the events are given by a number 
to the upper right of each symbol; 1 - Cocherie et al. (1998); 2 - Thiéblemont et al. (2004); 3 - Pitra et al. (2010); 4 - Kouamelan 
et al. (1997); 5 - Egal et al. (2002); 6 - Tassinari et al. (2004); 7 - Roever et al .(2003); 8 - Delor et al. (2003a); 9 - Rosa Costa et 
al. (2006); 10 - Rosa Costa et al. (2008); 11 - Avelar et al. (2003). Note that the timing of granulite and amphibolite facies 
metamorphism in the SE Man domain-Imataca complex is based on a reinterpretation of the available tectonothermal and 
magmatic data from the Man and Baoulé Mossi domains. See discussion in section 4.3.4.1 for further details.   
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of magmatic activity and deformation during the rele-
vant time period. For the Man domain and Imataca 
complex, it shows the timing of the M1 and M2 as-
semblages of Pitra et al. (2010) at 2.10-2.09 Ga and 
2.05-2.03 Ga, as discussed above. While not shown in 
the stratigraphic chart, granulites in the Imataca was 
subjected to lower pressure at 6-8.5 kbar (Swapp & 
Onstott 1989; Tassinari et al. 2004) compared with 
those of the Man domain (fig. 19). 
 The stratigraphic chart displays a striking rela-
tionship between the granulite domains in which early 
(2.10-2.09 Ga) granulite facies metamorphism in the 
Amapá block and Man domain-Imataca complex is 
followed by UHT-granulite facies metamorphism in 
the intervening Bakhuis belt and coeval emplacement 
of charnockites in the northeastern Amapá block. The 
granulite facies metamorphism in the Bakhuis belt is 
in turn followed by retrogression within the former 
granulite domains with associated crustal anatexis. It is 
of importance to note that Birimian crust in the Guy-
ana shield which occurs in between the granulite do-
mains is characterized by greenschist facies metamor-
phism, with locally developed amphibolite facies con-
ditions near intrusions (Voicu et al. 2001). 
 In comparison, the Man domain-Imataca com-
plex and Amapá block show a strikingly similar evolu-
tion, despite being separated by a circa 1000 km wide 
belt of Birimian crust. The uncertainties regarding the 
timing of metamorphism within the Man domain-
Imataca complex and the absence of P-T from the 
Amapá block are obviously problematic when making 
such comparisons. The risk for developing a circular 
reasoning should also not be ignored, considering that 
the timing of metamorphism in the Man domain-
Imataca complex is partly based (see above) on the 
timing of metamorphism within the Amapá block. 
However, as discussed previously, there are also good 
reasons for placing the timing of metamorphism in the 
Man domain-Imataca complex the way it is shown in 
figure 20. Therefore, assuming that the similarities 
between these two domains are real, there is a need for 
a model which can explain the setting in which this 
Fig. 21. Overview of the North American Cordilleras showing elevation (high-dark, low-light), lateral escape along the North 
Pacific Rim Orogenic Stream (NPRS, after Redfield 2007) and stress field resulting from convergence between the Yakutat 
block and the Cordilleran crust (after Mazotti & Hyndman 2002). Elevation data from USGS/EROS GTOPO30 (lta.cr.usgs.gov/
GTOPO30, last accessed 05-07-2013). Displayed using the NAD 1927 Alaska Albert projection and the North American 1927 
datum.   
63 
occurred and that accounts for the UTH-granulites in 
Bakhuis belt as well as the intervening, low grade 
Birimian crust. It is proposed here that the setting in 
which this took place may be comparable to the recent 
development in the northern Cordilleras of North 
America  
 The northern Cordilleras are characterized by a 
thin and hot lithosphere typical of modern backarcs 
(e.g. Hyndman et al. 2005; Currie & Hyndman 2006). 
Lower crustal temperatures reach 700-800°C with 
Moho temperatures at 800-900°C. The total litho-
spheric thickness is 50-60 km while the crust itself is 
typically less than 35 km thick. These conditions ex-
tend for hundreds of kilometers into the interior of 
North America.  
 In the Gulf of Alaska, a small composite oce-
anic and continental terrane called the Yakutat block 
(fig. 21) has been colliding with Cordilleran crust for 
the last 20 Ma (Mazzotti & Hyndman 2002; Hyndman 
2010). This has led to crustal thickening and the uplift 
of the Chugach-St Elias Mountains in the Cordilleran 
forearc (fig. 21). However, simultaneously with the 
formation of these mountains, a foreland belt repre-
sented by the MacKenzie and Richardson Mountains 
has been developed, 800 km to the northeast of the 
Chugach-St Elias Mountains. These two mountain 
ranges are separated by the main northern Cordillera 
which has a lower elevation and thinner lithosphere. A 
cross-section between the Chugach-St Elias and 
MacKenzie Mountains is shown in figure 22.  
 Based on the concept of orogenic float (Oldow 
et al. 1990), Mazzotti and Hyndman (2002) argued 
that the simultaneous formation of the two separate 
mountain ranges was made possible by the develop-
ment of a lower crustal detachment zone within the 
intervening thin and hot Cordilleran crust (fig. 22). 
This lower crustal detachment zone would allow the 
upper crust to float above it, transferring strain from 
the collision between the Yakutat block and the Cor-
dilleran in the forearc into the foreland region. Thus, 
while crustal thickening through thrusting has led to 
the development of mountain ranges along the margins 
of the more rigid blocks, the intervening area of hot 
and thin crust has not been significantly deformed or 
thickened and has instead acted as a zone of strain 
transfer.  
 Using the northern Cordilleras as an analogue, 
it could therefore be envisaged that the apparently coe-
val (as proposed here) granulite facies metamorphism 
in the Archean crust of Amapá block and Man do-
main-Imataca complex could have formed through the 
collision between these domains and the Birimian 
crust between them. Given the assumed thin, hot and 
consequently weak Birimian crust (see section 4.1.3) it 
would behave similarly to the crust of the northern 
Cordillera during collision, transferring strain from the 
collision zone at the margin of the Amapá block to the 
margin of the Man domain-Imataca complex, or vice 
versa, depending on which of these areas assumed a 
forearc or foreland position during collision. 
 Such a model could therefore explain the simul-
taneous development of granulite facies metamor-
phism through crustal thickening by thrusting 
(Feybesse & Milési 1994; Tassinari et al. 2004) or, 
according to Pitra et al. (2010), to homogenous thick-
ening of weak continental crust. Regardless, the inter-
vening Birimian crust would not have been signifi-
cantly thickened, thus providing an explanation for the 
low grade metamorphic conditions of volcanic and 
sedimentary rocks between the granulite belts (Voicu 
et al. 2001). The recognition of isobaric cooling paths 
within both the Bakhuis belt (Delor et al. 2003a; Ro-
ever et al. 2003) and in greenschist facies metasedi-
ment in French Guiana (Delor et al. 2003b) reflects a 
Fig. 22. A cross section of the North American Cordilleras approximately located along the dashed red line in figure 21. The 
figure illustrates the forearc collision between the Yakutat block and the Cordilleran crust. This has led to uplift of the Chugach-
St Elias Mt. but also to strain transfer across the thin, hot and weak Cordilleran crust to the Cordilleran foreland where the 
McKenzie Mt. has developed along the margin of the stable North American continent. Strain transfer is facilitated by lower 
crustal detachment which allows the upper crust to be displaced against the foreland without undergoing significant thickening. 
Redrawn after Hyndman et al. (2005) and Hyndman (2010) with minor modifications. 
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lack of crustal thickening within the Birimian crust.  
 Roever et al. (2003) reconstructed a counter-
clockwise (CCW) P-T path for the Bakhuis belt for the 
UHT-granulite facies metamorphism. This P-T path 
involved a slight pressure increase before peak condi-
tions were reached. This suggest that the UHT condi-
tions developed in a transpressional setting although, 
considering the presence of metamorphosed syn- to 
post-kinematic dolerites indicate that this transpression 
switched to transtension sometime between 2080-2055 
Ma. 
 From the example of the northern Cordilleras, it 
is interesting to note that the thin crust that acts as 
strain transfer zone between the Chugach-St Elias and 
MacKenzie Mountains is also currently undergoing 
lateral escape towards the northwest along the North 
Pacific Rim orogenic stream (NPRS, Redfield et al. 
2007) as shown in figure 21. This lateral escape is fa-
cilitated by crustal-scale strike-slip faults and may 
have been ongoing for at least 50 Myr (Redfield et al. 
2007). This shows that lateral escape and development 
of strike-slip faults/shear zones can occur coevally 
with collision in a zone undergoing lower crustal de-
tachment. As such, it can account for the formation of 
shear zones within the Baoulé Mossi domain during 
the EI and EII phases, coeval with the peak collision 
between Archean crust in the Man domain-Imataca 
complex and Amapá block. 
 As proposed by Rosa Costa et al. (2008), the 
development of the Bakhuis UHT-granulite belt, em-
placement of charnockites in the northeastern Amapá 
block, and retrogression from granulite to amphibolite 
facies conditions took place in a post-collisional set-
ting. In the Guyana shield, this was associated with 
crustal-scale sinistral shearing (Delor et al. 2003a). It 
is interesting to note that the formation of the Bakhuis 
belt granulites (2.08-2.05 Ga) began before crustal 
anatexis (2.06-2.03 Ga) within the Man domain-
Imataca complex and Amapá block (fig. 20). In the 
case of the latter, magmatism in turn lasted for another 
30 Myr after the development of granulite facies meta-
morphism within the Bakhuis belt. However, there is 
also an overlap between the youngest ages obtained 
from the Bakhuis belt (2060-2055 Ma, Roever et al. 
2003) and the oldest ages (2060-2050 Ma) obtained 
from the Man domain-Imataca complex (Cocherie et 
al. 1998; Thiéblemont et al. 2004) and the Amapá 
block (Rosa Costa et al. 2008). Also, as discussed 
above, the emplacement of leucogranites within the 
EIIB domains span the interval between the end of the 
granulite facies metamorphism in the Man domain-
Imataca complex and Amapá block and the beginning 
of UTH metamorphism in the Bakhuis belt. 
 The presence of syn- to post-kinematic 
dolerites — all of which have been metamorphosed — 
within the Bakhuis belt (Roever et al. 2003) indicate 
that it formed within an extensional setting (Delor et 
al. 2003a). Ages obtained from the Bakhuis belt, in-
cluding discordant metadolerites, granulitic gneisses 
and charnockites, are coeval with the formation of the 
Ashanti lode gold deposit in southern Ghana which 
was dated to 2063±7 Ma (SHRIMP on hydrothermal 
xenotime) by Pigois et al. (2003). According to Per-
routy et al. (2012), the Ashanti lode-gold deposit is 
associated with late sinistral shearing along the 
Ashanti fault (their D4). The timing and associated 
sinistral shearing of the Ashanti lode-gold deposit sug-
gests that it also formed in response to a switch from 
compression of the Birimian crust between the Man 
domain-Imataca complex and the Amapá block to 
post-collisional transtension.  
 
4.3.4.2 Late deformation and magmatism in the 
Baoulé Mossi domain 
Even as the main magmatic and tectonothermal activ-
ity in the Baoulé Mossi domain appear to have ceased 
at about 2.07 Ga there are nevertheless reports of 
younger intrusive magmatism as well as deformational 
events associated with isotopic resetting from across 
the Baoulé Mossi domain.  
 Liégeois et al. (1991) found that the Banifin 
shear zone in southeastern Mali had been reactivated 
at around 1980 Ma. This reactivation was expressed as 
dextral movement (as opposed to sinistral shearing 
during the EIIA phase) under ductile but retrograde 
greenschist facies conditions. While this event was not 
associated with intrusive or extrusive magmatism 
Liégeois et al. (1991) proposed that percolation of flu-
ids in the Banifin shear zone in association with this 
movement was responsible for resetting the Rb-Sr 
isotopic composition of spatially associated volcanic 
and intrusive rocks. From the calculated mean of three 
such reset Rb-Sr ages, Liégeois et al. (1991) obtained 
an age of 1984±30 Ma, which they interpreted as dat-
ing this late deformation. 
 The period around 1.98 Ga coincide with the 
intrusion of the gold-hosting Caxias biotite micro-
tonalite in the São Luís Craton, dated by Klein et al. 
(2002) to 1985±4 Ma (Pb-Pb on zircon), as well as the 
anorthosite intruding into the Bakhuis UHT-granulite 
belt, in turn dated to 1980±5 Ma (Pb-Pb on zircon) by 
Roever et al. (2003). As discussed above, the anortho-
site of the Bakhuis belt was intruded as the Bakhuis 
belt underwent a phase of doming during which the 
UTH-granulites were exhumed to their present crustal 
level, a process interpreted by Roever et al. (2003) to 
have occurred before cratonization of that part of the 
Guyana shield. 
 While magmatic activity around 1.98 Ga is 
limited within the Baoulé Mossi domain it is more 
widespread in the Guyana shield, including the Ma-
roni-Itacaiunas and the Ventuari-Tapajós provinces 
(fig. 4). At this time, the Ventuari-Tapajós province 
constituted an accretionary orogen facing an extensive 
Paleoproterozoic ocean while the Birimian Maroni-
Itacaiunas province assumed a backarc position 
(Cordani & Teixeira 2007). With this environment in 
mind, the magmatic and tectonothermal activity seen 
in the Baoulé Mossi domain is likely far-field effects 
related to the activity seen in the Amazon Craton. 
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Late alkaline intrusions dated at 1.89-1.82 Ga have 
been reported from Burkina Faso (Casting et al. 2003, 
in Vegas et al. 2008). However, during the course of 
this work it has not been possible to access the original 
publications (i.e. Castaing et al. 2003) and no further 
information is available regarding the location of these 
intrusions or the method used for dating them. As for 
the magmatism and tectonothermal activity around 
1.98 Ga it seems reasonable to ascribe this magmatism 
to far-field effects related to ongoing activity along 
accretionary orogens in e.g. the Amazon Craton. The 
Caurane-Coeroeni granulite belt, located between the 
Maroni-Itacaiunas and Ventúari-Tapajos domains of 
the Guyana shield (figs. 4 and 13), formed around 
2.00-1.99 Ga (Fraga et al. 2009a, 2009b) and could 
represent such a far-field event which could have had 
an impact on the recently amalgamated Birimian crust. 
 It is interesting to note that the magmatic and 
tectonothermal activity discussed above is coeval with 
biotite and muscovite cooling ages from elsewhere 
within the Baoulé Mossi domain (see also next sec-
tion). This shows that while some areas of the Baoulé 
Mossi domain were cooling off and stabilizing mag-
matism and tectonothermal activity nevertheless per-
sisted elsewhere. The “end” of the tectonothermal ac-
tivity and magmatism was thus diachronous on the 
scale of the Baoulé Mossi domain and the Amazon 
Craton. 
 
4.3.4.3 Cooling of the Baoulé Mossi domain 
Cooling of the Baoulé Mossi domain is constrained by 
K-Ar and 40Ar/39Ar ages on amphibole, biotite and 
muscovite to have occurred between circa 2050-1900 
Ma (e.g. Chalokwu et al. 1997; Feybesse et al. 2006; 
Gueye et al. 2007). Amphibole tends to record the old-
est cooling ages while those of biotite and muscovite 
are progressively younger, reflecting their lower clo-
sure temperatures. Ages are mainly available from 
southeastern Ghana and the Kedougou-Kéniéba Inlier 
with only a few ages from southeastern Liberia and 
western Burkina Faso.  
 On the basis of the ages given in figure 18 it 
might be argued that Ghana in the southeastern corner 
of the Baoulé Mossi domain cooled later compared to 
the Kedougou-Kéniéba Inlier in the northwest. In 
southeastern Ghana, K-Ar muscovite and biotite cool-
ing ages around 1920-1900 Ma have been obtained 
from a two-mica granite and pegmatite by Chalokwu 
et al. (1997), while in the Kedougou-Kéniéba Inlier, 
the youngest cooling age is dated to 2022±12 Ma 
(40Ar/39Ar) by Gueye et al. (2007) on muscovite from 
an episyenite.  
 However, the significance of this difference can 
be questioned considering the scarcity of available 
cooling ages and the fact that the ages that are avail-
able have been obtained by different workers in differ-
ent regions using different methods. Also, as shown by 
the detailed study of Rosa Costa et al. (2009) from the 
Archean Amapá block and adjacent Birimian crust in 
the southeastern Guyana shield (fig. 4), the cooling 
history at the end of the Birimian event may vary be-
tween terranes within relatively restricted areas (<100 
km). The lack of younger cooling ages in northwestern 
Baoulé Mossi may therefore be real but only reflecting 
local — instead of regional — variations.  
 With that said, younger ages in the southeastern 
part of the Baoulé Mossi domain would not be unex-
pected considering the presence of late magmatism in 
that region expressed by the 2029±22 (TIMS on ti-
tanite) age obtained by Delor et al. (2004) on dia-
mond-bearing autoclastic tuffisite dykes from the Cape 
Coast basin in southeastern Ghana (fig. 7) or the 
1985±4 Ma (Pb-Pb on zircon) Caxias microtonalite in 
the São Luís Craton (Klein et al. 2002). In addition, 
Onstott et al. (1984) obtained 40Ar/39Ar ages of 1964±2 
and 1894±2 on amphibole and biotite, respectively, 
from amphibolites in southeastern Liberia close to the 
contact between the Man and Baoulé Mossi domains. 
As in southeastern Ghana, this area was also proximal 
to late magmatic activity during the Birimian event 
(e.g. Kouamelan et al. 1997; Cocherie et al. 1998; 
Thiéblemont et al. 2001).   
 
5 The Birimian event in a global 
context 
As the discussion in the previous section have focused 
largely on the relationship and geodynamic setting of 
Birimian crust in the WAC and Amazon Craton there 
is a need to place these cratons within a global context 
that looks at their relationship with other cratons or 
orogenic belts in Africa, South America, Europe and 
elsewhere within the framework of global plate tecton-
ics. This will provide to a deeper understanding of the 
Birmian event and how it may relate to the events dur-
ing the Paleoproterozoic, including the assembly of the 
supercontinent Columbia (Rogers & Santosh 2002; 
Zhao et al. 2004), the oxygenation of the atmosphere 
(Canfield 2005; Holland 2006) and the positive δ13C 
excursion during the Rhyacian Lomagundi-Jatuli 
Event (Karhu & Holland 1996; Melezhik et al. 2013). 
 
5.1 Regional trends during assembly of 
Atlantica-Midgardia 
When considered in the context of the Archean and 
Paleoproterozoic evolution of the proposed Atlantica 
(Rogers 1996) and Midgardia (Johansson 2009) paleo-
continents (figures 3 and 4) it can be seen that the circa 
2.35-2.05 Ga crust formed during the Birimian event 
in the WAC, Amazon Craton and São Luís Craton is 
among the oldest from the Proterozoic. Juvenile crust 
of equivalent age is also present in other cratons and 
mobile belts in South America, such as the São Fran-
cisco Craton and the Rio de la Plata Craton (Cordani 
& Teixeira 2007; Brito Neves 2011). Crust of this age 
is also found in the East European Craton (Bogdanova 
et al. 2008). However, it appears to be less common in 
other African cratons and mobile belts where mag-
matic activity when present is usually comprised of 
crustal reworking (Neves 2011), such as 2.3 Ga 
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syenites from Gabon in northwestern Congo Craton 
(Tchameni et al. 2001).  
 The relationship between the early (Siderian to 
Rhyacian) and later (Orosirian) crust is most evident in 
the Midgardia configuration of Johansson (2009) 
which is based on the relative position of the constitu-
ent cratons during the Paleoproterozoic. Here, the 
Siderian to Rhyacian crust, together with amalgamated 
Archean cratons, act as a nucleus to younger Paleopro-
terozoic (<2.05 Ga) accretionary orogens (fig. 4). 
Fraga et al. (2009b) proposed that the collision be-
tween Archean and Birimian crust in the Guyana 
shield caused a switch in subduction at circa 2.00 Ga 
leading to the development of an accretionary orogen 
running along the margin of the recently amalgamated 
Archean and Birimian crust in the Amazon Craton.  
 A similar switch in orientation of orogenic belts 
also occurred in Sarmatia in the East European Craton 
(Bogdanova et al. 2008, and references therein). Here, 
north-south (present day orientation) orientated 2.2-2.0 
Ga belts forming sutures between Archean crustal do-
mains changes into  a northeast-southwest oriented 
2.0-1.95 Ga accretionary orogen developed on the 
margin of the amalgamated Archean and Birimian 
crust in Sarmatia. According to Bogdanova et al. 
(2008), this belt also extends further northeast along 
the margin of northwestern Volgo-Uralia which was 
sutured with Sarmatia around 2.05 Ga.  
 The above mentioned orogens developed in an 
“outboard” position relative to the “inboard” Rhyacian 
to Siderian accretionary orogens in the WAC and 
Amazon Craton developed during the Birimian event. 
The transition between the Rhyacian and Orosirian 
periods at circa 2.05 Ga appears to be an important 
crossover point where magmatic activity ceased within 
the Siderian-Rhyacian nucleus but began in the out-
board orogens. 
 
5.2 Atlantica-Midgardia — analogous to 
Gondwana? 
The Birimian event, and in extension the Paleo- to 
Mesoproterozoic evolution of the Atlantica-Midgardia 
paleocontinent, appear to be similar to the assembly of 
Gondwana during the early Cambrian with the subse-
quent development of the Terra Australis accretionary 
orogen (fig. 23) outboard to that continent (Cawood & 
Buchan 2007). Cawood and Buchan (2007) argued 
that termination of subduction zones during the assem-
bly of Gondwana would have required the initiation of 
new subduction zones elsewhere in order to maintain 
the constant radius of the Earth. The Terra Australis 
accretionary orogen would in that case have been a 
response to the assembly of Gondwana and the closure 
of subduction zones located between the amalgamated 
continents which it came to be formed of; now marked 
by the Pan-African-Brasiliano, East African and 
Kuunga orogens (fig. 23). 
 
 
5.3 Is the Birimian event equivalent to the 
East African Orogen? 
The East African Orogen (EAO) formed during the 
Neoproterozoic Pan-African orogenic cycle as a suture 
between the cratons and orogenic belts of proto-West 
and East Gondwana to form the “Greater Gondwana” 
continent (Stern 1994; Johnson et al. 2011; Fritz et al. 
2013). Current exposures of the EAO stretch from 
Egypt and Saudi-Arabia in the north to Mozambique 
and Zambia in the south. Parts of the EAO are also 
preserved in Madagascar, western India and Antarc-
tica. The orogen has a total length of more than 6000 
km with a width commonly exceeding a 1000 km. The 
EAO can be divided into a northern and southern part 
corresponding to the Arabian-Nubian Shield (ANS) 
and Mozambique belt (MB), respectively (fig. 23). 
The ANS is composed of low-grade juvenile crust 
formed from amalgamated arc terranes. In contrast, the 
MB is contains more evolved crust metamorphosed at 
granulite-facies conditions during a continent-
continent collision.  
 The juvenile crust of the ANS formed as island 
arcs in the Mozambique Ocean, which opened follow-
ing the breakup of Rodinia around 0.9 Ga (Stern 1994; 
Stern et al. 2010; Johnson et al. 2011). The Mozam-
bique Ocean was progressively closed between 800-
630 Ma leading to the amalgamation of these island 
arcs to form a progressively larger mass of juvenile 
crust. This amalgamation culminated with the 680-640 
Ma Nabitah Orogeny during which the core of the ju-
venile crust in the ANS was finally assembled 
(Johnson et al. 2011). As the Mozambique Ocean fi-
nally closed around 630 Ma the juvenile crust of the 
ANS was caught between rigid crustal blocks belong-
ing to proto-West and East Gondwana (fig. 23), initiat-
ing the final phase of the EAO.  
 During the final phase of the EAO, lasting be-
tween 650-540 Ma (Johnson et al. 2011; Fritz et al. 
2013), convergence between the continents of proto-
West and East Gondwana led to the development of a 
continent-continent collision in the MB (Stern 1994; 
Johnson et al. 2011; Fritz et al. 2013) with nappe-
stacking and granulite-facies metamorphism. The con-
vergence simultaneously triggered lateral escape in the 
juvenile crust of the ANS which was subjected to oro-
gen-parallel extension as it moved towards an oceanic 
free-face in the north (fig. 23). The uneven distribution 
of juvenile crust between the ANS and MB likely re-
flect a smaller oceanic basin in the south which may 
be the result of a hinge-like opening an closure of the 
Mozambique Ocean during dispersal of Rodinia and 
subsequent assembly of Gondwana (Hoffman 1991; 
Johnson et al. 2011). 
 The geodynamic evolution of the ANS during 
the final phase of the EAO was characterized by the 
development extensive shear zones, formation of ma-
rine and terrestrial sedimentary basins, uplift of middle 
crustal gneisses in domes and belts and a transition 
from dominantly sodic to increasingly alkalic intrusive 
67 
Fig. 23. Schematic tectonic maps of Atlantica-Midgardia and Gondwana. Atlantic-Midgardia map after references given in 
figures 3 and 4. The WAC, EEC and AC are shown in the Midgardia configuration of Johansson (2009). Due to the lack of 
paleogeographic data for other cratons in Africa and South America these are shown in their present-day relative positions but 
displaced relative to the Midgardia-block. Gondwana map redrawn after Gray et al. (2007) with modifications by Meert & 
Lieberman (2008). Ages for the East African, Kuunga and Proterozoic orogens refer to the timing of peak collisional tectonics. 
Ages after Villeneuve & Cornée (1994), Abdelsalam et al. (2002), Liégeois et al. (2003) and Johnson et al. (2011). The solid 
black arrow shows the general direction of lateral escape of crust in the EAO during collision between proto-West and East 
Gondwana. Abbreviations; ANS - Arabian-Nubian Shield, MB - Mozambique Belt, Mad - Madagascar, Ind. S - Indian Shield, 
E Ant. S - East Antarctic Shield. For others, see figures 3 and 4. Terra Australis accretionary orogen after Cawood & Buchan 
(2007). 
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magmatism (Johnson et al. 2011). Throughout this 
period the ANS was subjected to alternating compres-
sion and extension which caused inversion and uplift 
of sedimentary basins and controlled the formation of 
gneiss domes and belts. 
 The Birimian crust of the WAC (and its exten-
sion into the Maroni-Itacaiunas province of the Ama-
zon Craton, fig. 4) has many similarities with the 
EAO, including timing of tectonothermal and mag-
matic activity as well as the presence of a vast area of 
juvenile crust. Together with the broad similarities 
between the assembly of Atlantica-Midgardia and 
Gondwana it is tempting to place the Birimian event in 
the WAC and Amazon Craton in the same position as 
the EAO assumed during the assembly of Gondwana. 
In the same way as the ANS formed through the accre-
tion of juvenile arc terranes in the Mozambique Ocean 
separating West and East Gondwana the juvenile 
Birimian crust may have formed in a large ocean sepa-
rating the continental blocks which came to form the 
western and eastern parts of the Atlantica-Midgardia 
paleocontinent (relative to the Birmian crust in the 
WAC and Amazon Craton).  
 The western parts would in that case be com-
prised of continents made up of the Archean crust in 
the Reguibat shield, Volgo-Uralia, Sarmatia, Man do-
main and Imataca complex (fig. 4). Meanwhile, the 
eastern part would be comprised of continents now 
preserved as Archean crust in the São Francisco-
Congo Craton and Saharan Metacraton (fig. 23). The 
position of the Rio de la Plata Craton is unclear, but 
since it contains Rhyacian crust (2.20-2.05 Ga, Oy-
hantçabal et al. 2011) it seems reasonable that it 
should be positioned close to the WAC and the Ama-
zon Craton. 
 Much as the assembly of Gondwana was com-
prised of multiple temporally overlapping orogens 
(Meert & Lieberman 2008; Fritz et al. 2013) a similar 
development may also be envisioned for the formation 
of the Atlantica-Midgardia continent, which continued 
to grow after the end of activity in the WAC. The Tan-
zania Craton (now in the eastern portion of the Congo 
Craton, see figure 3) was accreted against the “proto-
Congo Craton” at 2.0-1.9 Ga (Hanson 2003; De Waele 
et al. 2008; Fernandez-Alonso et al. 2012). Since the 
Congo Craton and the São Francisco Craton remained 
connected until the breakup of Pangea and the opening 
of the Atlantic (Torquato & Cordani 1981; Trompette 
1994; Fernandez-Alonso et al. 2012) there is a 
“temporal bridge” between the dominantly Siderian to 
early Orosirian (2.35-2.00 Ga) tectonothermal and 
magmatic activity in the São Francisco Craton (e.g. 
Rosa Sexias et al. 2012; Santos-Pinto et al. 2012) and 
the partially overlapping Orosirian (2.10-1.95 Ga) ac-
tivity associated with accretion of the Tanzania Craton 
(Hanson 2003; De Waele et al. 2008). The temporal 
and spatial distribution of magmatic activity seen 
among cratons of Atlantica-Midgardia is thus similar 
to the overlapping ages among Pan-African-
Brasiliano-Kuungan orogenic belts during the assem-
bly of Gondwana (fig. 23). 
 
5.4 Atlantica-Midgardia in relation to 
other Paleoproterozoic continents 
The above discussion has only concerned the cratons 
which have traditionally been considered part of At-
lantica (in addition Sarmatia and Volgo-Uralia in the 
East European Craton, fig. 4). This section will there-
fore be devoted to briefly examine the configuration 
and geodynamic setting of other paleocontinents that 
have been proposed to exist during the Paleoprotero-
zoic.  
 The following discussion will use the three pa-
leocontinental configurations Nena, Atlantica and Ur 
as a starting point. These are the Precambrian paleo-
continents envisioned by Rogers (1996) and subse-
quently used by Rogers and Santosh (2002) as the 
three main constituent blocks in their reconstruction of 
the Paleo- to Mesoproterozoic supercontinent Colum-
bia (fig. 24a).  
 
5.4.1 Geological vs. paleomagnetic fits 
It is necessary at this point to comment on the reasons 
for using the Nena, Atlantica and Ur configurations in 
the following discussion. These configurations where 
constructed using correlatable orogens or supracrustal 
units of different continental blocks (Rogers 1996). 
However, the use of only geological fits in paleo-
geographic reconstructions has been  criticized be-
cause such fits are non-unique. Instead, the use of pa-
leomagnetic data together with magmatic barcodes 
from Large Igneous Provinces are considered as a 
more reliable methods for paleogeographical recon-
structions, capable of yielding unique fits between 
now separate continental blocks (e.g. Li et al. 2008; 
Ernst & Bleeker 2010).  
 Even though geological fits may not be suitable 
for reconstructing the exact position of different conti-
nental blocks relative to each other in deep time, they 
can nevertheless be used to identify continental blocks 
that share a common geological history during a speci-
fied time period. In essence, geological and paleomag-
netic fits thus work on two different levels of detail. 
The two approaches differ in that the geological ap-
proach is only capable of making broad and qualitative 
reconstructions while those derived from the paleo-
magnetic approach are more detailed and quantitative.  
 The two approaches (i.e. geological and paleo-
magnetic fits) may be compared with solving a puzzle 
— which depicts a scene comprised of a number of 
different components, e.g. a forest, a house and a lake 
— either by fitting all the pieces together one by one 
(the paleomagnetic approach) or by sorting the pieces 
based on their colors and patterns (the geological ap-
proach). While the paleomagnetic approach is obvi-
ously capable of solving the puzzle, it nevertheless 
requires information regarding how all the pieces re-
late to each other — which may be a time-consuming 
and challenging task to acquire. On the other hand, 
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while the geological approach cannot solve the puzzle 
by itself, it can be used to make a broad reconstruction 
of the scene that it depicts — by assigning the pieces 
to its different components based on their colors and 
patterns. As some pieces will undoubtedly contain 
parts of two or more components, it will also be possi-
ble to determine how the different components relate 
to each other. Unlike the paleomagnetic approach, the 
geological approach does not require that any pieces of 
the puzzle are actually put together.  
 Even though the geological approach is not 
capable of solving the puzzle by itself, it can neverthe-
less provide a rough image of how it looks. It repre-
sents a more ”quick and dirty” method compared with 
the paleomagnetic approach. However, the two ap-
proaches are not mutually exclusive. Indeed, the true 
potential instead lies in combining them by using the 
geological approach to identify broad patterns of the 
puzzle while the paleomagnetic approach can then be 
used to fit the pieces together in a more exact position.  
 The following discussion will be based on a 
geological approach. The focus will therefore lie on 
the geodynamic setting (accretionary orogenic, colli-
sional orogenic, extensional or passive) recorded over 
time by the various continental blocks that comprised 
Nena, Ur and Atlantica. In this context, the exact pa-
leogeographical configurations of the different blocks 
that comprise Nena, Ur and Atlantica is of secondary 
importance. These paleocontinental configurations will 
instead be considered as groups of continental blocks 
that share a common geological history (regarding 
timing of accretionary and collisional orogenies, or  
rifting) during the Paleoproterozoic. Since the Nena, 
Ur and Atlantica configurations of Rogers (1996) are 
based on geological data (as opposed to paleomag-
netic) they are well suited for the discussion in the 
following sections.   
 While the position of certain blocks within  
Nena, Ur and Atlantica may prove to be incorrect, it is 
not central to the following discussion. As long as 
these blocks share a common geological history they 
will nevertheless still belong to the same group of con-
tinental blocks (i.e. Nena, Ur or Atlantica). The rela-
tive position of continental blocks within these con-
figurations — as depicted in the figures within this text 
— should be viewed only as possible configurations. 
The important aspect is instead the behaviour and po-
sition of Nena, Ur and Atlantica among themselves 
Fig. 24. A) The original Columbia configuration of Rogers & Santosh (2002). Redrawn with minor modifications. B) A 
proposed alternative Columbia configuration which incorporates the SAMBA-configuration of Johansson (2009) and places Ur 
next to Atlantica-Midgardia. See text for further discussion. Abbreviations: Af - Africa; SAm - South America; NAm - North 
America; G - Greenland; EEC - East European Craton; Sib - Siberian Craton; K - Kaapvaal; Z - Zimbabwe; M - Madagaskar; 
Ind - India; Aus - Australia; E.A - East Antarctica; F - Fennoscandia; S-V - Sarmatia–Volgo-Uralia. 
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and relative to each other. 
 Some modifications to the Nena, Ur and Atlan-
tica configurations are required to account for new 
data that has emerged since the work of Rogers (1996) 
and Rogers and Santosh (2002). This primarily con-
cerns the separate early Paleoproterozoic history of 
Fennoscandia and Sarmatia–Volgo-Uralia in the East 
European Craton (Bogdanova et al. 2008), the 
SAMBA configuration of Johansson (2009, see section 
2.1.2) and the different geological history of the Pre-
cambrian Cratons of Australia (Payne et al. 2009). 
This will be discussed further in the sections below.  
 In the following three sections, the Paleopro-
terozoic history of continental blocks within Nena, Ur 
and Atlantica will be outlined briefly. The purpose of 
the following discussion is not to make a detailed and 
exhaustive review of the geological history of the vari-
ous blocks that are included in these configurations. 
The purpose is instead to highlight broad differences 
and similarities between the paleocontinents in terms 
of the geodynamic setting that defined them through 
the Paleoproterozoic.  
 
5.4.2 Nena 
Nena, as used by Rogers and Santosh (2002), include 
the Archean and Proterozoic crust now present in 
North America, Greenland, Siberian Craton and the 
East European Craton (fig. 24a). However, the inclu-
sion of the East European Craton should be revised to 
only include Fennoscandia as Sarmatia and Volgo-
Uralia instead formed a part of Atlantica-Midgardia 
(see section 2.1.2 and below) until 1.8-1.7 Ga 
(Bogdanova et al. 2008; Johansson 2009). 
 During the early Paleoproterozoic (circa 2.45-
2.00 Ga), Archean crust in the above regions was char-
acterized by rifting and continental breakup as re-
corded by deposition of passive margin sequences 
and/or intrusion of diabase dike swarms in North 
America (Aspler & Chiarenzelli 1998; Whitmeyer & 
Karlstrom 2007; Ernst & Bleeker 2010), Greenland 
(Lahtinen et al. 2008; Nilsson et al. 2013), Fennoscan-
dia (Bogdanova et al. 2008; Lahtinen et al. 2008) and 
the Siberian Craton (Rosen et al. 1994; Urmantseva & 
Turkina 2009). The Archean crust was subsequently 
amalgamated along extensive circa 2.10-1.80 Ga ac-
cretionary orogenic belts which are present in all re-
gions (see above references). Both the North Austra-
lian Craton and the Proterozoic Mawson Continent 
(including the Gawler Craton in Australia and the 
Adélie Craton in Antarctica) record tectonothermal, 
magmatic and depositional inactivity during the early 
Paleoproterozoic that was followed by rifting and sedi-
mentation (Payne et al. 2009). These continental 
blocks have been linked with crust in Laurentia be-
cause of their correlative Archean and Paleoprotero-
zoic history (e.g. Zhao et al. 2004; Payne et al. 2009) 
and may therefore also be considered as part of Nena 
rather than Ur as proposed by Rogers and Santosh 
(2002). 
 
5.4.3 Atlantica 
The Atlantica paleocontinent of Rogers and Santosh 
(2002) contain the blocks outlined in section 2.1.2 but 
should also include the Sarmatia and Volgo-Uralia 
blocks of the East European Craton, a configuration 
that is from here on referred to as Atlantica-Midgardia. 
As discussed above, this paleocontinent was amalga-
mated along circa 2.35-1.95 Ga orogens. This was 
followed by development of accretionary orogens out-
board to this paleocontinent, which remained active 
from circa 2.0 Ga and through the Paleo- and Meso-
proterozoic. 
 
5.4.4 Ur 
As envisioned by Rogers (1996) and Rogers and San-
tosh (2002) the paleocontinental configuration of Ur 
contains Archean and Proterozoic crust now found in 
the Kalahari craton, Madagascar, India, Australia and 
the coastal regions of East Antarctica (fig. 24a). As 
discussed in section 5.3.1, the North Australian Craton 
and the Mawson Continent are here considered as part 
of Nena, leaving the West Australian Craton as part of 
Ur. 
 Rhyacian and early Orosirian (2.2-2.0 Ga) ac-
cretionary and collisional orogenic activity is recorded 
in both the Kheis-Okwa-Magondi belt and Limpopo 
belt of the Kalahari Craton (Hanson 2003; Master et 
al. 2010) as well as in the Ophthalmian and Glenburgh 
orogenies in the Capricorn orogen of the West Austra-
lia Craton (Johnson et al. 2011). The Ophthalmian 
orogeny records an accretionary stage between circa 
2.23-2.14 Ga that was followed by the Glenburgh 
orogeny around 2.00-1.95 Ga, during which the Yil-
garn and Pilbara blocks were accreted.  
 Mikhalsky et al. (2010) proposed that the Ruker 
Province currently exposed in the southern Prince 
Charles Mountains of East Antarctica may be correla-
tive with the Capricorn orogen of Western Australia, 
based on the similarities between Archean and Paleo-
proterozoic rocks in these regions. In India, Mahonty 
(2013) also proposed that the Satpura belt (Central 
Indian Tectonic Zone) was involved in a collisional 
orogen at circa 2.2-2.1 Ga, which might also be corre-
lated with the Capricorn orogen. Madagascar appears 
to be the only region which does not record any sig-
nificant activity before 2.0 Ga. All the constituent con-
tinental blocks of Ur record magmatic and tectonother-
mal activity during the later part of the Paleoprotero-
zoic (Orosirian-Statherian). 
 
5.5 Supercontinent cycles and iterations  
 
5.5.1 Proterozoic and Phanerozoic superconti-
nent cycles 
The review in section 5.4 is admittedly brief but its 
main purpose is to highlight the general Paleoprotero-
zoic history of the paleocontinents Nena, Atlantica-
Midgardia and Ur (fig. 24) and to illustrate the con-
trasting history between Nena on one hand and that of 
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Atlantica-Midgardia-Ur on the other — following a 
geological approach, as described in section 5.4.1. 
 While the constituent blocks of Nena are char-
acterized by inactivity, rifting and sedimentation dur-
ing the early Paleoproterozoic (2.45-2.00 Ga), the re-
gions within Atlantica-Midgardia and Ur are instead 
characterized by accretion and amalgamation of Ar-
chean cratons along with Paleoproterozoic crust. This 
diachronous behavior was recognized by Aspler and 
Chiarenzelli (1998) who noted that the WAC, Ama-
zon, São Francisco and Congo cratons amalgamated at 
the same time as most of the cratons on the current 
northern hemisphere (i.e. Nena) were in the process of 
breaking up. After ca 2.0 Ga, all continents record 
accretion. However, while accretion in Nena involves 
amalgamation of Archean cratons (as it did for Atlan-
tica-Midgardia and Ur before 2.0 Ga) this is not the 
case for Atlantica-Midgardia, which is instead charac-
terized by long-lived orogens which did not involve 
accretion of Archean crust, as can be seen in the Ama-
zon Craton (Cordani & Teixeira 2007).  
 Given the similarities between Atlantica-
Midgardia and Gondwana outlined in section 5.2, it is 
interesting to note that the relationship between Atlan-
tica-Midgardia and Nena (i.e. assembly vs. dispersal) 
is analogous to that between the assembly of Gond-
wana in the Neoproterozoic-early Paleozoic and the 
simultaneous rifting of Laurentia (North America and 
Greenland in Nena) and the East European Craton 
from the WAC and Amazon Craton, which took place 
during the final stages of Rodinia breakup (e.g. Jo-
hansson 2009; Nance et al. 2010; Stampfli et al. 2013). 
This led to the opening of the Iapetus and Rheic 
oceans and dispersal of Laurentia and the East Euro-
pean Craton as the WAC and Amazon Craton re-
mained to form part of West Gondwana.  
 Following the assembly of Gondwana (fig. 25) 
by circa 600-500 Ma (e.g. Meert & Lieberman 2008; 
Fritz et al. 2013) the Iapetus Ocean closed during the 
circa 420 Ma Caledonian orogeny when Laurentia and 
the East European Craton joined to form Laurussia 
(fig. 25, Nance et al. 2010; Stampfli et al. 2013). The 
Rheic ocean closed during the circa 300 Ma Variscan-
Hercynian orogeny when Laurussia merged with the 
WAC and Amazon Craton in West Gondwana. This 
also coincided with the final assembly of the Altaids in 
the Central Asian Orogenic Belt when multiple ter-
ranes and microcontinents, including the Siberian Cra-
ton, were accreted against the East European Craton in 
Laurussia (Şengör et al. 1993; Wilhelm et al. 2012). 
Fig. 25. Position of Nena, Atlantica-Midgardia and Ur within Pangea. Redrawn after Rogers & Santosh (2002) with 
modifications to show the approximate extent of the Caledonide and Variscan-Hercynian orogenies (Nance et al. 2010; Stampfli 
et al. 2013) as well as the Altaids (Wilhelm et al. 2012). Notice how Nena, Atlantica-Midgardia and Ur each form part of 
Laurasia, West Gondwana and East Gondwana (Rogers & Santosh 2002) in the same relative position as they do in the proposed 
Columbia configuration in figure 24b. 
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Together, the Variscan-Hercynian orogeny and assem-
bly of the Altaids ultimately led to the formation of the 
supercontinent Pangea (fig. 25).  
 It could be argued that the assembly of Colum-
bia shares many similarities with the assembly of 
Pangea, assuming that North America (Laurentia) was 
connected with the Atlantica-Midgardia continent as 
proposed in the SAMBA-configuration (fig. 24b). The 
above sequence of events, starting with the opening of 
the Iapetus Ocean, would thus be comparable with 
rifting and dispersal of the Archean crust within Nena 
around 2.0 Ga even as Atlantica-Midgardia was in the 
process of being amalgamated. Subsequent assembly 
of Archean cratons in Nena between 2.1-1.8 Ga would 
be comparable with the Caledonian-Variscan-
Hercynian-Altaid orogenies. The collision between 
Fennoscandia and Volgo-Uralia–Sarmatia around 1.8-
1.7 Ga (Bogdanova et al. 2008) would by analogy cor-
respond to the point when Columbia reached maxi-
mum packing by docking of Nena and Atlantica-
Midgardia (including Ur, see discussion below). How-
ever, this would be some 200-50 Myr later than the 
timing (1.90-1.85 Ga) of maximum packing for Co-
lumbia proposed by Rogers and Santosh (2009).     
 It is interesting to note that circa 2.05 Ga bi-
modal magmatism, comprised of granites and dolerite 
dikes, is recorded in the Birmian basement of the Anti-
Atlas inliers along the northern margin of the WAC 
(fig. 1; Walsh et al. 2002; Kouyaté et al. 2013). 
Kouyaté et al. (2013) proposed that this period of mag-
matism may have been triggered by a mantle plume 
associated with the breakup of an Archean continent. 
The authors noted that dikes of comparable age to 
those found in the Anti-Atlas inliers are present in the 
North Atlantic Craton in Greenland (Nilsson et al. 
2013) as well as the Superior Craton in North America 
(Ernst & Bleeker 2010) and suggested that these areas 
may have been connected around 2.05 Ga. Breakup at 
this time, as record by the dolerites and granites, could 
perhaps be related to the opening of an ocean equiva-
lent to the Neoproterozoic Iapetus Ocean — Nena be-
ing equivalent to Laurentia and the East European Cra-
ton while the WAC would be equivalent to West 
Gondwana, as discussed above.  
 The preceding discussion has largely omitted 
Ur and focused on Atlantica-Midgardia and Nena, 
leaving the question of where this continent should be 
located in a Columbia-configuration unanswered. In 
their original configuration of the supercontinent Co-
lumbia, Rogers and Santosh (2002) placed Ur next to 
the current western margin of North America (fig. 
24a), which is also the position it has been given in 
other Columbia reconstructions (e.g. Zhao et al. 2004; 
Rogers & Santosh 2009). Nevertheless, considering 
Fig. 26. Comparison of the temporal extent of tectonic events on different paleocontinents during the assembly of Columbia and 
Pangea. Timing of events related to the assembly of Columbia as discussed in the text. Accretionary stage of the EAO and 
collisional stage of Gondwana after Meert & Lieberman (2008), Johnson et al. (2011) and Fritz et al. (2013). Convergence and 
collision in Laurasia after Nance et al. (2010), Wilhelm et al. (2012) and Stampfli et al. (2013). Rifting and opening of Iapetus 
and Rheic oceans after Nance et al. (2010). Terra Australis accretionary orogen after Cawood & Buchan (2007). 
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the similarity in timing of orogenic activity in conti-
nental blocks from Ur and Atlantica-Midgardia it is 
here proposed that Ur should instead be placed adja-
cent to Atlantic-Midgardia, with the implication that 
these continents were assembled together (fig. 24b). 
Atlantica-Midgardia and Ur may in such a case be 
considered as two parts of the same continent.   
 Because of the long-lived accretionary margin 
that developed outboard to the Amazon Craton, it 
would seem reasonable to place Ur on the opposite 
side of Atlantica-Midgardia, next to the Congo Craton 
and Saharan Metacraton. Following the analogy be-
tween Atlantic-Midgardia and Gondwana, Ur should 
therefore be an equivalent of East Gondwana, whereas 
Atlantica-Midgardia is equivalent to West Gondwana. 
In the following text, this configuration will be re-
ferred to as Atlantica-Midgardia-Ur and will be con-
sidered as a Paleoproterozoic equivalent of Gondwana. 
However, it must be emphasized that this is a highly 
speculative fit based only on equivocal geological data 
and remains to be tested against robust paleomagnetic 
and more detailed geological data. 
 The positioning of Nena and Atlantica-
Midgardia according to the SAMBA-configuration 
(Johansson 2009) — and with Ur next to Atlantica-
Midgardia as shown in figure 24b — would be near 
identical to how their respective crustal blocks were 
positioned in Pangea (fig. 25). Rogers and Santosh 
(2002) noted that their reconstruction of Columbia  
had the same geometry as Pangea (cf. figures 24 and 
25), with a long-lived subduction zone on one margin 
and the presence of both spreading centres and sub-
duction zones on the other, along which a transfer of 
terranes took place. However, in the configuration by 
Rogers and Santosh (2002), the relative position of 
Nena, Ur and Atlantica differed between Columbia 
and Pangea (cf. figures 24a and 25).  
 In the configuration shown in figure 24b, the 
constituent blocks of these paleocontinents would have 
assumed the same relative position in Columbia as 
they did in Pangea. In addition, they would also have 
been assembled in the same order, beginning with At-
lantica-Midgardia-Ur and Gondwana, respectively, as 
the continental blocks of Nena and Laurasia were dis-
persing. Subsequent assembly of these continents and 
their docking with Atlantica-Midgardia-Ur and Gond-
wana led to the formation of the supercontinents Co-
lumbia and Pangea, respectively. The assembly of At-
lantica-Midgardia-Ur and Gondwana — as well as the 
dispersal and assembly of Nena and Laurasia — had 
more or less the same temporal extent (fig. 26). 
 If the above configuration is correct, it would 
mean that amalgamation of Columbia in the late Pa-
leoproterozoic and Pangea in the late Paleozoic oc-
curred on the same timescales and in the same relative 
sequence of events, were the involved crustal blocks 
largely assumed the same relative positions. This has 
several implications for supercontinent cycles, mantle 
dynamics and plate tectonics.  
 The model implies that supercontinent cycles, 
involving breakup of one supercontinent (following 
Meert 2012, a supercontinent contains at least 75% of 
the preserved continental crust at maximum packing) 
and the subsequent assembly of another, is far from a 
random process. Indeed, the similarities between Co-
lumbia and Pangea suggest that these supercontinents 
actually represent two iterations of a certain type of 
supercontinent, from here on referred to as Pangea-
type (fig. 27). If both Columbia and Pangea represent 
one type, then it seem logical that Rodinia (e.g. Li et 
al. 2008) would represent another, perhaps together 
with a possible late Archean supercontinent (here re-
ferred to as Kenorland after Williams et al. 1991), as 
well as the proposed next supercontinent, Amasia (e.g. 
Yoshida & Santosh 2011). It is considered here that 
these supercontinents may represent three iterations of 
a supercontinent-type that differed from the Pangea-
type (fig. 27). This assumption is largely based on the 
Fig. 27. Conceptual diagram showing the evolution from stagnant lid to plate tectonics and the timing of Pangea- (P) and 
Rodinia- (R) type supercontinents. As discussed in the text, the transition from plume to plate tectonics may have ended with the 
assembly of a first supercontinent in the late Archean, here called Kenorland after Williams et al. (1991). This was a Rodinia-
type supercontinent and was followed by assembly of the first Pangea-type supercontinent — Columbia (Rogers & Santosh 
2002) — during the first supercontinent cycle. The subsequent supercontinent cycle led to the formation of new iterations of the 
Pangea- and Rodinia-type supercontinents with the assembly of Rodinia (Li et al. 2008) and Pangea (Stampfli et al. 2013). In 
this model, the next supercontinent Amasia (Yoshida & Santosh 2011) should be a Rodinia-type. Supercontinent cycles alternate 
between going from Rodinia- to Pangea-type supercontinents (R-P) and vice versa (P-R). 
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different configuration of Rodinia compared with 
Pangea (e.g. Hoffman 1991; Li et al. 2008) and the 
unlikely situation that there might be a Pangea-type 
supercontinent which has formed twice in Earth’s his-
tory but which is separated by three individually dis-
tinct supercontinents. In addition, it is also supported 
by the similar behaviour of 87Sr/86Sr and δ13C in the 
Paleo- and Neoproterozoic (as will be discussed in the 
next section). This type of supercontinent will here be 
referred to as Rodinia-type supercontinents.  
 It follows from the recognition of two alter-
nately occurring types of supercontinents — Pangea- 
and Rodinia-type — that supercontinent cycles will 
involve the breakup of a Rodinia-type and assembly of 
a Pangea-type supercontinent, or vice versa, in an al-
ternating fashion (fig. 27). Together, two such cycles 
would record the full revolution from breakup to reas-
sembly of the same type of supercontinent, be it a 
Rodinia- or Pangea-type. Possible connections be-
tween these types of supercontinent cycles and envi-
ronmental perturbations throughout the Earth’s history 
will be further explored in the next section.  
 
5.5.2 Geochemical traces of supercontinent cy-
cles 
The oxygenation of Earth’s atmosphere is believed by 
most workers to have been stepwise, involving both 
increases and decreases (e.g. Canfield 2005; Holland 
2006; Campbell & Allen 2008; Bekker & Holland 
2012; Partin et al. 2013). Two steps appear to have 
been of particular importance (fig. 28a). The first took 
place during the early Paleoproterozoic and is known 
as the Great Oxidation Event (GOE, Holland 2006; 
Och & Shields-Zhou 2012). It has been broadly con-
strained to about 2.5-2.0 Ga and corresponds to the 
period when Earth’s atmosphere first became oxygen-
ated, which was a significant shift from the anoxic 
conditions that prevailed in the Archean. The second 
step occurred during the late Neoproterozoic between 
circa 0.8 Ga to 0.5 Ga and has been referred to as both 
the Second Great Oxidation Event (Campbell & Squire 
2010) and the Neoproterozoic Oxygenation Event 
(NOE, Och & Shields-Zhou 2012); the latter will be 
used in this text. The increase in the concentration of 
oxygen in the atmosphere was significantly larger dur-
ing the NOE compared to the GOE and also coincided 
with the Cambrian explosion (Holland 2006; Campbell 
& Squire 2010; Och & Shields-Zhou 2012). The simi-
larities between the biogeochemical cycling of ele-
ments such as C, Fe and P during the GOE and NOE 
have been interpreted as indicating that the fundamen-
tal causes for the rise in atmospheric oxygen were the 
same during both events (Papineau 2010).  
 Several explanations have been put forward to 
account for the rise of oxygen during the GOE and 
NOE. These include the emergence of oxygenic photo-
synthesis, changes in the redox state of volcanic gases 
or loss of hydrogen to space (Canfield 2005; Holland 
2006; Bekker & Holland 2012; Kasting 2013). Of 
these, oxygenic photosynthesis is one of the most com-
monly evoked explanations for the rise in oxygen (e.g. 
Canfield 2005; Kasting 2013). Oxygen form as a prod-
uct of photosynthesis — together with reduced carbon 
in the form organic matter — in the reversible reaction 
CO2+H2O ↔ CH2O + O2. An increase in oxygen thus 
requires that organic matter is removed from the at-
mosphere-ocean system (e.g. buried in sediment) to 
prevent it from back-reacting with  oxygen (e.g. Des 
Marais 1994; Karhu & Holland 1996; Campbell & 
Squire 2010; Kasting 2013; Melezhik et al. 2013). 
Long-term burial of organic matter would be ulti-
mately controlled by tectonic processes.  
 A review of the different hypotheses behind the 
rise of oxygen during the GOE and NOE is beyond 
both the scope and purpose of this section. The aim is 
instead to investigate possible connections between the 
oxygenation of the atmosphere-ocean system and the 
supercontinent cyclicity discussed in the previous sec-
tion. The following discussion will therefore be based 
on the assumption that the GOE and NOE are linked to 
tectonic processes where burial of organic matter was 
an important factor.  
 The focus here will lie on the secular evolution 
of 87Sr/86Sr and δ13C (13C/12C of a sample relative to 
the V-PBD standard) in marine sedimentary carbon-
ates. Since the Neoarchean, both 87Sr/86Sr and δ13C are 
characterized by a fluctuating pattern with pronounced 
and long-lived peaks of the same magnitude recorded 
in both the Paleoproterozoic and the Neoproterozoic 
(fig. 28b). While the peak of the positive δ13C excur-
sions coincides with both the GOE and NOE, maxi-
mum 87Sr/86Sr occurs instead at the end of both events. 
In both occasions, δ13C peak some 200 Myr prior to 
87Sr/86Sr. The smoother shapes of the Paleoproterozoic 
excursions reflect less abundant data from this period 
— coupled with poorer temporal constraints — com-
pared with the Neoproterozoic (Shields & Viezer 
2002; Melezhik et al. 2013).  
 The 87Sr/86Sr of marine carbonates is generally 
considered to reflect the relative importance of river 
runoff — controlled by chemical weathering of the 
continents — against mantle input, in turn controlled 
by alteration of oceanic crust (Shields 2007). Average 
river runoff is considered to have high 87Sr/86Sr, re-
flecting the generally radiogenic composition of conti-
nental crust. However, this is only a maximum value 
as weathering of juvenile crust will give less radio-
genic river runoff that would be closer to the unradio-
genic 87Sr/86Sr of the mantle (Shields 2007; Spencer et 
al. 2013). The peaks of 87Sr/86Sr shown in figure 28b 
may thus reflect increased continental weathering, 
weathering of particularly radiogenic crust, decreasing 
mantle input, high levels of CO2 in the atmosphere, or 
a combination of any or all of these factors (Shields 
2007; Och & Shields-Zhou 2012). However, increased 
continental weathering appear to be the most widely 
evoked explanation.  
 Sustained burial of organic matter — which is 
enriched in 12C and therefore have a negative δ13C — 
through sedimentation is commonly invoked to ex-
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plain the positive δ13C excursions during both the Pa-
leoproterozoic (Karhu & Holland 1996; Bekker & 
Holland 2012; Melezhik et al. 2013) and the Neopro-
terozoic (Och & Shields-Zhou 2012). Long-lived ex-
cursions such as those in the Paleo- and Neoprotero-
zoic require stable tectonic settings in which the buried 
organic matter is not uplifted and eroded, or at the very 
least does not exceed the amount that is simultane-
ously buried (Campbell & Squire 2010; Bekker & 
Holland 2012; Melezhik et al. 2013). It should be 
noted that other explanations for the generation of 
positive δ13C excursions that are not controlled by tec-
tonic processes have also been suggested (Hayes & 
Waldbauer 2006; Melezhik et al. 2013). However, 
burial of organic matter appears to be the most widely 
accepted mechanism and it will be assumed here that it 
is indeed responsible for the δ13C excursions. This can 
also explain the general coincidence of the GOE and 
Fig. 28. A) Estimation of the maximum (solid green) and minimum (dashed red) pO2 in the atmosphere during the past 3.5 Gyr. 
After Bekker & Holland (2012). Timing of Great Oxidation Event (GOE) and Neoproterozoic Oxygenation Event (NOE) after 
Och & Shields-Zhou (2012). B) δ13C (solid blue) and 87Sr/86Sr (dashed purple) evolution of seawater. δ13C-curve after Campbell 
& Allen (2008) except the time interval between 2.5-1.9 Ga which is based on the “least-assumption” reconstruction of 
Melezhik et al. (2013). The 87Sr/86Sr-curve is after Shields (2007) and shows the varying dominance of river runoff on the Sr-
isotopic composition of seawater (increasing percentage) vs. mantle input. Vertical black lines mark Proterozoic glacial epochs. 
Timing of Neoproterozoic glacial epochs after Campbell & Allen (2008), Paleoproterozoic ditto after Hoffman (2013). C) 
Histogram of U-Pb zircon ages shown in 50 Myr bins. The ages are compiled from data in Campbell and Allen (2008) and 
Belousova et al. (2010) which have been derived primarily from detrital sources. The duration of different stages during 
supercontinent cycles are shown as vertical bars and include both assembly and maximum packing of supercontinents as well as 
intervening stages. Duration of Kenorland (K) after Campbell & Allen (2008), Accretionary stage (A*) and collisional stage (A) 
of Atlantica-Midgardia-Ur as discussed in section 5, Columbia assumed to have assembled by 1.7 Ga based on collision between 
Fennoscandia and Volgo-Uralia-Sarmatia (Bogdanova et al. 2008). Transitional period between Columbia and Rodinia marked 
as R*. Rodinia (R) after Li et al. (2008). Accretionary stage (G*) and collisional stage (G) of Gondwana after Meert & 
Lieberman (2008), Johnson et al. (2011) and Fritz et al. (2013). Pangea after Nance et al. (2010) and Stampfli et al. (2013). 
Transition period from breakup of Pangea until present marked as Am*. 
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NOE with positive excursions of δ13C, as burial of 
organic matter would lead to an increase in oxygen 
(e.g. Des Marais 1994; Karhu & Holland 1996; Melez-
hik et al. 2013).  
 Assuming that the positive excursions of δ13C 
in the Precambrian are both controlled by burial of 
organic matter — and therefore by tectonic processes 
— then they may be used in conjunction with 87Sr/86Sr 
as proxies for tectonic events. Both 87Sr/86Sr (Shields 
2007) and δ13C (Karhu & Holland 1996; Melezhik et 
al. 2013) of well-preserved sedimentary carbonates are 
generally considered to record the composition of 
Earth’s oceans. 87Sr/86Sr and δ13C thus present proxies 
which are less sensitive to preservation and sampling 
bias compared with e.g. detrital zircons or high-grade 
rocks (Cawood et al. 2013). While high relative input 
of river runoff may be taken to reflect periods of ex-
tensive collisional orogeny (Shields 2007; Campbell & 
Squire 2010) the positive δ13C may instead be inter-
preted to reflect relatively stable periods lacking colli-
sional orogens (e.g. Bekker & Holland 2012). The end 
of positive δ13C excursions may thus be taken as an 
indicator for collisional orogens involving uplift and 
erosion of previously deposited organic matter.  
 In figure 28 curves reflecting the secular evolu-
tion of atmospheric oxygen (after Bekker & Holland 
2012, based on various proxies), δ13C and 87Sr/86Sr has 
been plotted against different stages of the superconti-
nent cycles discussed above. These stages correspond 
to the assembly and maximum packing of Kenorland, 
Columbia, Rodinia and Pangea as well as intervening 
periods involving breakup and assembly of these su-
percontinents. The intervening periods includes the 
accretionary and collisional phases of the assembly of 
Atlantica-Midgardia-Ur (fig. 24b) and Gondwana. A 
compilation of mainly detrital zircon (fig. 28c) shows 
that peaks broadly coincide with different superconti-
nents, as noted by Campbell and Allen (2008). This 
has been attributed to increased preservation of rocks 
during supercontinent assembly (e.g. Hawkesworth et 
al. 2009; Cawood et al. 2013). 
 Both the accretionary stage of Atlantica-
Midgardia-Ur and Gondwana coincide with the peak 
of the δ13C curve while their collisional stage instead 
coincides with the return to unfractionated values at 
the same time as the 87Sr/86Sr values are increasing. 
87Sr/86Sr values of marine carbonates reach their peak 
at the end of the collisional phases of Atlantica-
Midgardia-Ur and Gondwana. The positive excursions 
of 87Sr/86Sr and δ13C both occur during a superconti-
nent cycle involving the breakup of a Rodinia-type 
supercontinent and the subsequent assembly of a 
Pangea-type (fig. 28). During both cycles, the excur-
sions occur in the same order, are of the same magni-
tude and have the same duration. It is also notable that 
similar excursions do not occur during Pangea- to 
Rodinia-type cycles.  
 The repetitive pattern of the excursions re-
corded by 87Sr/86Sr and δ13C in sedimentary marine 
carbonates and their correlation with the same type of 
tectonic events during Rodinia- to Pangea-type super-
continent cycles strongly suggest that there is a link 
between them, i.e. the isotopic signals are indeed tec-
tonically controlled. By extension, it also implies that 
if there is a link between increasing atmospheric oxy-
gen and burial of organic matter (Karhu & Holland 
1996; Campbell & Squire 2010; Bekker & Holland 
2012; Och & Shields-Zhou 2012) then the GOE and 
NOE are linked to Rodinia- to Pangea-type superconti-
nent cycles (fig. 28), rather than supercontinent cycles 
in general (e.g. Campbell & Allen 2008). The preced-
ing discussion has assumed that there was a supercon-
tinent during the Neoarchean (Williams et al. 1991) as 
opposed to multiple continents (Aspler & Chiarenzelli 
1998; Bleeker 2003). The similar behavior of 87Sr/86Sr 
and δ13C during the Paleo- and Neoproterozoic may be 
taken as further evidence in support for such model, 
assuming that the excursions were caused by the same 
factors and are indeed controlled by tectonic proc-
esses. 
 The positive δ13C excursion during the Paleo-
proterozoic, also known as the Lomagundi-Jatuli 
Event (LJE, Karhu & Holland 1996; Melezhik et al. 
2013), has been attributed to either burial of organic 
matter on tectonically stable shelves or continental 
rifts (Bekker & Holland 2012; Melezhik et al. 2013) or 
at convergent margins (Lindsey & Brasier 2002). 
However, as highlighted in the above discussion, ac-
cretionary orogens, passive margin sedimentation and 
continental rifting characterize the period between 2.3-
2.0 Ga during which the excursion takes place. Black 
shales with δ13C around -30 to -20‰ (typical for Pre-
cambrian organic matter, e.g. Des Marais 1994) have 
been reported from several localities in the Baoulé 
Mossi domain, which are constrained to between circa 
2.2-2.1 Ga (Leube et al. 1990; Hirdes et al. 1993; 
Kříbek et al. 2008). This suggests that deposition in 
the accretionary setting that this domain constituted 
may at least have contributed to the positive δ13C ex-
cursion. However, there seems to be no reason why 
deposition of organic matter would not have taken 
place at passive margins or rift basins as well, even 
though there is an absence of such rocks in the geo-
logical record (e.g. Melezhik et al. 2013). A more 
plausible tectonic explanation for the positive δ13C 
excursions may instead be that they form during a pe-
riod when the global plate tectonic framework is char-
acterized by an absence of collisional orogens, at the 
same time as passive margins, rift basins, backarc ba-
sins and accretionary wedges are formed in regions 
undergoing dispersal or accretion. 
 If the Paleo- and Neoproterozoic positive δ13C 
excursions are caused by burial of organic matter then 
the end of these events should correspond to uplift and 
erosion of the sediment in which it is buried (Bekker 
& Holland 2012). The simultaneous rise in 87Sr/86Sr as 
δ13C is decreasing occurs during the collisional stage 
of both Atlantica-Midgardia-Ur and Gondwana (fig. 
28). It therefore seems reasonable to connect this pat-
tern to increased continental weathering. However, 
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closure of ocean basins along with oceanic ridges may 
also contribute, in the sense that the relative mantle 
input decreases. As 87Sr/86Sr peak at the end of the 
collisional stage of Atlantica-Midgardia-Ur and Gond-
wana it would appear as if the assembly of Columbia 
and Pangea exert less relative control on 87Sr/86Sr, per-
haps because oceanic ridges are more widespread at 
this time. At least for Gondwana, rifting of crustal 
blocks initiated shortly after its assembly and should 
have led to the formation of ocean ridges whose input 
of low 87Sr/86Sr to the oceans may perhaps have helped 
to counteract the effect of continental weathering dur-
ing the assembly of Pangea. 
 Also shown in figure 28 is the timing of wide-
spread glaciations during the Paleoproterozoic and 
Neoproterozoic (fig. 28b) of which at least some are 
believed to have had a global extent, the so called 
“Snowball Earths” (Hoffman 2002, 2013; Melezhik 
2005; Och & Shields-Zhou 2012). These glaciations 
have been attributed to the loss of greenhouse-
conditions during the oxygenation of the atmosphere 
but may also be the result of multiple causes. Although 
the temporal constraints for the Paleoproterozoic glaci-
ations are somewhat uncertain, they nevertheless ap-
pear to occur earlier relative to the Rodinia- to Pangea-
type supercontinent cycle compared with the Neopro-
terozoic glaciations. It may be speculated that the rela-
tive delay of glaciations in the Neoproterozoic may 
somehow be related to different atmospheric starting 
conditions in the Paleoproterozoic — which was an-
oxic or only weakly oxidized — compared with condi-
tions during the Neoproterozoic when oxygen was 
already present (fig. 28, Holland 2006; Bekker  & Hol-
land 2012). A further discussion is beyond the scope 
of this work, but the example serves to highlight how 
environmental changes caused by a supercontinent 
cycle may change the starting conditions of a subse-
quent cycle. In a similar manner to glaciations, the 
behavior of δ13C also appears to change in the Phan-
erozoic following the Cambrian radiation. Positive 
excursions in δ13C around 400 and 300 Ma (fig. 28b) 
coincide with the Variscan-Hercynian and Caledonian 
orogenies, respectively. This differs from the Paleo- 
and Neoproterozoic positive excursions, which instead 
appear to have preceded collisional orogens. In this 
case, the radiation of Metazoans and emergence of 
land plants may have changed how δ13C responded to 
collisional orogens (e.g. Campbell & Squire 2010). 
 
5.5.3 Rodinia- to Rodinia-type supercontinent 
cycles 
 
5.5.3.1 Onset and nature of supercontinental cy-
cles 
If plate tectonics began to operate in the Mesoarchean 
(e.g. Condie & Kröner 2008; Nӕraa et al. 2012) then 
Kenorland should have been the first supercontinent to 
have formed in a plate tectonic regime (fig. 27). How-
ever, the existence of a Neoarchean supercontinent 
incorporating the majority of Archean crust has been 
questioned by authors who propose that the Archean 
crust at this time may instead have been distributed in 
two or more separate paleocontinents, leaving Colum-
bia as the first true supercontinent (e.g. Aspler & 
Chiarenzelli 1998; Rogers & Santosh 2002; Bleeker 
2003). Nevertheless, because of the similarities be-
tween the assembly of Columbia and Pangea (fig. 26), 
coupled with the behavior of 87Sr/86Sr and δ13C in the 
Paleo- and Neoproterozoic (fig. 28), it is inferred here 
not only that Kenorland was a Rodinia-type supercon-
tinent but also that the breakup of this continent in the 
Paleoproterozoic mirrored that of Rodinia in the Neo-
proterozoic.  
 At this stage it is pertinent to ask what consti-
tutes a supercontinental cycle. Assuming that Kenor-
land was the first supercontinent to have formed in a 
plate tectonic regime — and that it was the first itera-
tion of a Rodinia-type supercontinent — the supercon-
tinental cycle may be considered as the breakup of 
Kenorland and the subsequent assembly of the next 
supercontinent Columbia (i.e. a Rodinia- to Pangea-
type supercontinental cycle, see section 5.5.1). How-
ever, the real supercontinental cycle should correspond 
to a Rodinia- to Rodinia-type cycle, which records the 
breakup of a given Rodinia-type iteration and the sub-
sequent assembly of the next. This will correspond to 
either the Paleo- to Mesoproterozoic breakup of 
Kenorland and assembly of Rodinia or the Neoprotero-
zoic-Phanerozoic breakup of Rodinia and (ongoing) 
assembly of Amasia. In this context, Pangea-type su-
percontinents (i.e. Columbia or Pangea) only corre-
spond to transient stages during a Rodinia- to Rodinia-
type cycle at which time enough continental crust 
(>75%, Meert 2012) is amalgamated to form a super-
continent. The proposed Neoproterozoic superconti-
nent Pannotia (Dalziel 1997) — that may have existed 
following the assembly of East and West Gondwana 
but before the opening of the Iapetus Ocean — would 
be another example of such a transient supercontinen-
tal stage.  
 
5.5.3.2 Breakup of Rodinia and assembly of 
Gondwana-Pangea 
Because of the similarities between the periods corre-
sponding to the breakup of Rodinia in the Neoprotero-
zoic and the inferred breakup of Kenorland in the Pa-
leoproterozoic (figures 26 and 28), it is assumed here 
that models for the breakup of Rodinia should also be 
applicable for the breakup of Kenorland. Indeed, as 
will be discussed below, the breakup of Kenorland and 
subsequent assembly of Columbia (with a configura-
tion as in figure 24b, see also discussion in section 
5.5.1) can be broadly explained using the reconstruc-
tions of Hoffman (1991) and Dalziel (1997) for the 
breakup of Rodinia and assembly of Gondwana and 
Pangea.  
 In the reconstructions of Hoffman (1991) and 
Dalziel (1997), Rodinia began to break up as the conti-
nental blocks that came to form East Gondwana rifted 
from the margin of Laurentia (fig. 29a). The blocks of 
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Fig. 29. Schematic depiction of the breakup of Rodinia and assembly of Gondwana and Pangea. After Hoffman (1991) and 
Dalziel (1997). Breakup of East Gondwana after Metcalfe (2013) and Stampfli et al. (2013). Abbreviations for continental 
blocks: EA - East Antarctica; KC - Kalahari Craton; In - India; WA - West Australian Craton; SFC-CC - São Francisco Craton
-Congo Craton; WAC - West African Craton; AC - Amazon Craton; EEC - East European Craton; Lau - Laurentia; SC - 
Siberian Craton; M - Mawson continent; NA - North Australian Craton. Rodinia configuration redrawn after Hoffman (1991). 
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Gondwana from Rodinia to the present day, a similar 
180° rotation should also have taken place among 
these blocks from Kenorland to Rodinia. This places 
these blocks, which correspond to East Atlantica-
Midgardia-Ur (see section 5.5.1) on the margin of 
Nena in the same relative position as they have today 
(fig. 30a). Mimicking the breakup of Rodinia, the 
breakup of Kenorland should have involved rifting of 
these blocks in the Paleoproterozoic from the margin 
of Nena followed by their gradual accretion towards 
the crustal blocks corresponding to West Atlantica-
Midgardia-Ur (see section 5.4.1) and illustrated by 
stage 2 in figure 30b. This coincided with the rifting 
and drifting of blocks within Nena (stages 2-3, fig. 
30b), which largely coincided with the assembly of 
Atlantica-Midgardia-Ur (section 5.5.1).  During stages 
2-3 (fig. 30b), and leading up to stage 4, the Atlantica-
Midgardia-Ur continent rotated relative to the Nena 
blocks in the same manner as Gondwana did relative 
to Laurasia in the Neoproterozoic-Paleozoic (fig. 29c).  
 The rotation of Atlantica-Midgardia-Ur had the 
effect that when Columbia assembled around 1.8-1.7 
Ga (stage 4, fig. 30b) by collision between Fennoscan-
dia and Sarmatia-Volgo-Uralia (see discussion in sec-
tion 5.5.1) the margin of Atlantica-Midgardia-Ur that 
had faced the Nena blocks in Kenorland was now in-
stead facing an extensive ocean, which is evidenced by 
the development of long-lived accretionary orogens 
along this margin (e.g. Cordani & Teixeira 2007, see 
also discussion in section 5.1). These long-lived accre-
tionary orogens correspond to those found in the Ama-
zon Craton (Cordani & Teixeira 2007) and Fennoscan-
dia (Bogdanova et al. 2008). Following the assembly 
of Columbia, long-lived accretionary orogens also 
developed on the margin of Laurentia (Whitmeyer & 
Karlstrom 2007; Johansson 2009) which had previ-
ously been connected with the blocks which comprised 
East Atlantica-Midgardia-Ur. Together, these accre-
tionary orogens faced a Proterozoic proto-Pacific 
Ocean.  
 The continental blocks in Nena that participated 
in the collisional orogeny associated with the assembly 
of Columbia (i.e. Fennoscandia and perhaps the Sibe-
rian Craton, following the reconstruction of Evans & 
Mitchell 2011) should also have been in contact with 
the continental blocks of West Atlantica-Midgardia-Ur 
in Kenorland prior to its breakup. This would be 
analogous with how Grenvillian belts in Laurentia (on 
the East Coast of present-day North America) formed 
part of the Variscan-Hercynian orogeny (fig. 25). This 
provides some constraints for the position of Fenno-
scandia in Kenorland (fig. 30a). Evans and Mitchell 
(2011) suggested that the Siberian Craton was adjacent 
to Volgo-Uralia and (present-day) northern Laurentia 
in the late Paleoproterozoic and Mesoproterozoic (1.9-
1.3 Ga). It should therefore also have been close to 
Fennoscandia in Kenorland, as shown in figure 30a.   
 Simultaneously with the collision between Fen-
noscandia and the Sarmatia–Volgo-Uralia continental 
blocks should have begun to rift from East Atlantica-
proto-East Gondwana were subsequently accreted 
against proto-West Gondwana (fig. 29b). This led to 
the formation of Pannotia as proto-West Gondwana at 
this point remained in contact with Laurentia. As 
Gondwana was assembled Laurentia, the East Euro-
pean Craton and Siberia rifted and began to drift rela-
tive to each other as the Iapetus Ocean opened (fig. 
29c). At this time, Gondwana also rotated counter-
clockwise relative to the Laurasian blocks. This had 
the effect that when Laurasia and Gondwana merged 
to form Pangea (fig. 29d), the margin of proto-West 
Gondwana that had faced Laurentia in Rodinia was 
now facing the proto-Pacific ocean. As Pangea was 
assembled through collision between West Gondwana 
and Laurussia, terranes began to rift from East Gond-
wana from where they were carried across the Tethys 
Oceans to be accreted against Laurasia (e.g. Metcalfe 
2013; Stampfli et al. 2013). Apart from Antarctica, the 
continental blocks of East Gondwana are now accreted 
or in the process of being accreted to Asia. 
 
5.5.3.3 The Kenorland to Rodinia supercontinen-
tal cycle 
If the breakup of Kenorland played out in the same 
manner as for Rodinia, the challenge lies in how to 
account for the breakup of one Rodinia-type supercon-
tinent (i.e. Kenorland) following the sequence of 
events in figure 29 and from there assemble another 
Rodinia-type supercontinent (i.e. Rodinia “sensu 
stricto”). There are at least three important aspects that 
need to be accounted for in this cycle. The first is the 
relative rotation of Laurentia from the Mesoprotero-
zoic to today, which has caused a switch of the site of 
accretionary growth from the present East Coast to the 
West Coast (i.e. the North American Cordilleras, e.g. 
Williams et al. 1991; Dalziel 1997). The second is the 
180° rotation of East Gondwanan continental blocks 
from their relative position in Rodinia (as shown in 
Hoffman 1991, fig. 29a) to their relative position today 
(assuming that Antarctica moves northwards and is 
accreted outboard of India-SE Asia-Australia). The 
third is not an aspect as much as an assumption, 
namely that the current North and South American 
Cordilleras are equivalent to the long-lived accretion-
ary orogens which formed outboard to Laurentia, Fen-
noscandia and the Amazon Craton and whose closure 
in the late Mesoproterozoic led to the assembly of 
Rodinia  (e.g. Li et al. 2008; Johansson 2009). How-
ever, this it is also required if Amasia is to be the third 
iteration of a Rodinia-type supercontinent (see section 
5.5.1).  
 With this in mind, the assembly of Rodinia may 
be run in reverse through Columbia back to Kenor-
land. Proposed reconstructions of Columbia (as shown 
in figure 24b) and Kenorland, together with the con-
figuration of Rodinia by Hoffman (1991), are shown in 
figure 30a, while a six-stage schematic depiction of the 
breakup of Kenorland through to the assembly of 
Rodinia is shown in figure 30b. Because of the 180° 
rotation of the continental blocks that constituted East 
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Midgardia-Ur (stage 4, fig. 30b) in the same way as 
blocks did from East Gondwana in the Paleozoic (e.g. 
Metcalfe 2013, see also figure 29d). The West Austra-
lian Craton appears to have been accreted to the North 
Australian Craton and the Mawson Continent around 
1.80-1.75 Ga (Payne et al. 2009) indicating that this 
process was occurring at the same time as West Atlan-
tica-Midgardia-Ur and Nena collided. The North Aus-
tralian Craton and the Mawson Continent would thus 
at this point have been equivalent to the Asian foreland 
during the Paleozoic accretion of continental blocks 
derived from East Gondwana (cf. figures 29d and 
30a). During the Mesoproterozoic, the lead up to the 
assembly of Rodinia would have involved gradual 
accretion of blocks from East Atlantica-Midgardia-Ur 
to one side of Nena while the long-lived accretionary 
orogens along West Atlantica-Midgardia-Ur and 
Nena’s other side began to close in on each other 
(stages 5-6, fig. 30b). This culminated with the Gren-
villian orogeny (e.g. Li et al. 2008; Johansson 2009) 
and the assembly of Rodinia in the late Mesoprotero-
zoic to early Neoproterozoic (fig. 30a and stage 6 in 
figure 30b).   
 The combined effect of the rotation of Atlan-
tica-Midgardia-Ur and the subsequent collision be-
tween the accretionary orogens along the Amazon Cra-
ton and Fennoscandia on one hand and Laurentia on 
the other during the assembly of Rodinia (e.g. Johans-
son 2009) caused Nena (including Laurentia) to rotate 
counter-clockwise relative to its position in Kenorland 
(compare Kenorland and Rodinia in figure 30a and 
stages 1 and 6 in figure 30b). This can account for the 
shift in accretionary orogenic activity seen today in 
North America, but also why the same is not seen in 
e.g. the Amazon Craton in South America (e.g. Brito 
Neves 2011). As Rodinia broke up along the Grenvil-
lian belts which formed during the collision between 
Nena and West Atlantica-Midgardia-Ur these came to 
form continental margins facing the Iapetus and Rheic 
oceans (e.g. Nance et al. 2010). However, because 
Gondwana rotated counter-clockwise relative to 
Laurentia closure of the Iapetus and Rheic oceans did 
not lead to a reassembly of matching Grenvillian belts. 
Instead, the same Grenvillian margin of Laurentia ac-
creted against northwestern Africa while its matching 
margin in West Gondwana came to face the proto-
Pacific ocean (fig. 29d). A new long-lived accretionary 
orogen (essentially a Phanerozoic version of the Paleo- 
to Mesoproterozoic orogen on the East Coast of North 
America) formed on the West Coast where it devel-
oped into the present-day North American Cordilleras. 
The counter-clockwise rotation of Gondwana during 
breakup of Rodinia ensured that the Paleo- to Meso-
proterozoic belts in the Amazon Craton were turned to 
face the Pacific, allowing for continued accretionary 
orogenic activity.  
 The six-stage conceptual model presented in 
figure 30b shows that there are several transient mo-
ments during the Kenorland to Rodinia supercontinen-
tal cycle where enough crust may have been assem-
bled to constitute a supercontinent (containing >75% 
of the available continental crust, Meert 2012). An 
early such supercontinental stage may have occurred 
after East Atlantica-Midgardia-Ur  rifted from Nena 
but before West Atlantica-Midgardia-Ur had done the 
same (stage 2). This would correspond to a direct 
equivalent of Pannotia in the Neoproterozoic (Dalziel 
1997). Likewise, the assembly of Columbia at 1.8-1.7 
Ga (stage 4) would be equivalent to the assembly 
Pangea and would represent a new supercontinental 
stage. Depending on the rate of rifting versus accretion 
of continental blocks from East Atlantica-Midgardia-
Ur against Nena (stages 3-5) it may be envisioned that 
a supercontinent existed through stages 4-6 which 
spanned the late Paleo- and Mesoproterozoic, up and 
until the assembly of Rodinia. This is consistent with 
the recognition of a long-lived Columbia superconti-
nent (e.g. Zhao et al. 2004). However, it is important 
to recognize that although there is such a long-lived 
supercontinental stage the supercontinent itself was 
Fig. 30. A) Schematic reconstructions of Kenorland, Columbia and Rodinia showing the cells that the constituent continental 
blocks belong to. The participating continental blocks can be grouped into three cells (yellow, blue and green) based on their 
behavior during the supercontinental cycle (see section 5.5.3.5 for further discussion). The yellow cell is equivalent to East 
Gondwana in the Neoproterozoic-Phanerozoic or East Atlantica-Midgardia-Ur in the Proterozoic. The green cell is equivalent to 
Laurasia in the Neoproterozoic-Phanerozoic and Nena in the Proterozoic. The blue cell is equivalent to West Gondwana in the 
Neoproterozoic-Phanerozoic and West Atlantica-Midgardia-Ur in the Proterozoic. The breakup of Kenorland is based on the 
“inside-out” model of Hoffman (1991) for the breakup of Rodinia during the Neoproterozoic. The Rodinia configuration is re-
drawn after Hoffman (1991). Note that while the continental blocks for Rodinia are also used for the Kenorland and Columbia 
configurations, they may contain crust that is younger than these supercontinents. For example, large parts of the WAC and AC 
would not have existed in the actual Kenorland supercontinent. However, the Archean crust within these blocks would have 
assumed a similar position. The dashed red lines in the Kenorland and Rodinia reconstructions shows the lines along which 
these supercontinents broke up into different cells. As shown by the behavior of KC, V-S, M, and NA, continental blocks may 
be transferred from one cell to another between two Rodinia- to Rodinia-type supercontinent cycles (see section 5.5.3.5 for fur-
ther discussion). Abbreviations for continental blocks: EA - East Antarctica; KC - Kalahari Craton; In - India; WA - West Aus-
tralian Craton; SFC-CC - São Francisco Craton-Congo Craton; WAC - West African Craton; AC - Amazon Craton; V-S - 
Volgo-Uralia–Sarmatia; Fs - Fennoscandia; EEC - East European Craton; Lau - Laurentia; SC - Siberian Craton; M - Mawson 
continent; NA - North Australian Craton. B) A six-stage conceptual reconstruction of a Rodinia-Rodinia type supercontinental 
cycle based upon the breakup of Kenorland and subsequent assembly of Rodinia. Stages 1, 4 and 6 correspond to Kenorland, 
Columbia and Rodinia, respectively. The movement of the cells is based on the breakup of Rodinia as depicted by Hoffman 
(1991) and Dalziel (1997). Note how, from Kenorland to Rodinia, the yellow cell rotates 180° while the green cell is rotated 
counter-clockwise. The blue cell does not rotate. Also compare with the relative position of continental blocks between the 
Kenorland and Rodinia reconstructions in A). See section 5.5.1 for further discussion. 
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not stable and reorganization of crust took place 
throughout this period. For example, the reconstruc-
tion of Columbia in Zhao et al. (2004) would be 
largely equivalent to stage 5 (fig. 30b) but clearly dif-
fers from that in stage 4. These two configurations 
might either be seen as a continuum of one superconti-
nent (i.e. Columbia) or as separate entities. During the 
Kenorland-Rodinia cycle, the only period during 
which there was no supercontinent present appears to 
have been during stage 3 (and perhaps part of stage 2, 
fig. 30b), which largely corresponds to the middle-late 
Paleoproterozoic (2.0-1.8 Ga). 
 What sets the Kenorland-Rodinia superconti-
nental cycle apart from the present Rodinia-Amasia 
cycle is the apparent absence of an oceanic basin 
equivalent to the Atlantic Ocean. This has been the 
elephant in the room in the preceding discussion and 
clearly has to be accounted for if the model of 
Rodinia- to Rodinia supercontinental cycles is to be 
considered viable. Opening of the Atlantic Ocean dur-
ing the breakup of Pangea led to the separation of crust 
from Laurasia and West Gondwana. The next super-
continent Amasia has been proposed to assemble 
through closure of either the Pacific or Atlantic Ocean 
(e.g. Yoshida & Santosh 2011). Following the model 
outlined here, Amasia should assemble by closure of 
the Atlantic Ocean and subsequent collision between 
the South and North American Cordilleras through the 
rotation of these accretionary orogens against each 
other. By accreting Antarctica outboard to Asia, this 
would lead to the assembly of another Rodinia-type 
supercontinent. While no equivalent to the Atlantic 
Ocean appear to have formed during the Paleo- and 
Mesoproterozoic, both Nena and Atlantic-Midgardia-
Ur appear to have been affected by extension and rift-
ing during the Mesoproterozoic (e.g. Zhao et al. 2004; 
Ernst et al. 2013; El Bahat et al. 2013). Although 
speculative, it could be imagined that this rifting at 
least in part corresponded to unsuccessful attempts at 
opening a Proterozoic Atlantic-type ocean. Although 
an oceanic basin was not established it was not for a 
lack of trying, but must have been due to other factors. 
 Finally, it must be noted that although the con-
tinental blocks in Rodinia are also used for the Kenor-
land and Columbia configurations in figure 30, they 
contain crust that is younger than these superconti-
nents. For example, large parts of the WAC and Ama-
zon Craton would not have existed in the actual 
Kenorland supercontinent. However, the Archean crust 
within these blocks would nevertheless have assumed 
a similar position in both Kenorland and Rodinia. The 
usage of Rodinia continental blocks for Kenorland and 
Columbia might therefore be largely an issue of pres-
entation and does not impact on the fundamental con-
cept of Rodinia- to Rodinia-type supercontinental 
cyclicity. A more pressing issue is the validity of the 
Rodinia-reconstruction used here (from Hoffman 
1991). Although there are several configurations of 
Rodinia, that of Hoffman (1991) does not differ sig-
nificantly from the recent consensus configuration 
given by Li et al. (2008), nor does it appear to be in-
compatible with the SAMBA-configuration of Johans-
son (2009). The use of the Rodinia-configuration of 
Hoffman (1991) thus seem to be sufficient for the pur-
poses of this work. However, more detailed recon-
structions of Rodinia- to Rodinia-type supercontinental 
cycles will require the use of a more detailed Rodinia 
configuration. If the model outlined above holds, it 
would indeed appear as if Rodinia is the key to Kenor-
land. 
 
5.5.3.4 Supercontinental cycles and mantle dy-
namics 
It has been proposed that there is a strong link between 
plate tectonics, supercontinent cycles and mantle dy-
namics (e.g. Anderson 1982, 2001; Gurnis 1988; Yo-
shida & Santosh 2011; Murphy & Nance 2013; Nance 
et al. 2014). It therefore seems reasonable to assume 
that the supercontinent cycles and recurring iterations 
discussed above should also be reflected in mantle 
dynamics, with the implication that convection within 
the mantle should be fairly ordered. In contrast, it may 
be speculated that the transition from the onset of plate 
tectonics to the assembly of the first supercontinent 
(here assumed to be Kenorland in the Neoarchean) 
corresponded to a period of turbulence, as it would 
have involved the switch from one tectonic regime 
(plume dominated stagnant-lid or intermittent subduc-
tion? See further discussion in section 1) to another 
dominated by modern-style subduction of oceanic 
crust (van Hunen et al. 2008; Sizova et al. 2010). This 
transition was presumably gradual as the right condi-
tions for subduction to occur may not have been 
reached simultaneously across the surface of the Earth 
(Condie & Kröner 2008).  
 It seems reasonable to assume that the assembly 
of the first supercontinent Kenorland marked the end 
of the turbulent transition period. The assembly of 
Kenorland should have marked a point when most, if 
not all, continental crust was aggregated in one place. 
This should have corresponded to a geoid-low formed 
were subducted oceanic crust was collecting in the 
mantle (Gurnis 1988; Anderson 2001; Murphy & 
Nance 2013). Outside of Kenorland, upwelling mantle 
would have represented geoid-highs. The assembly of 
the first supercontinent may therefore have had a stabi-
lizing effect on the crust-mantle system through the 
establishment of geoid-highs and lows related to a 
supercontinent that included most if not all continental 
crust. Assuming that Kenorland had the same shape as 
the Rodinia (fig. 30) it is interesting to note that this 
corresponds to what is essentially a circular aggrega-
tion of crust (based on the reconstructions by Hoffman 
1991 and Li et al. 2008). Although it is beyond the 
scope of this work, the round shape of Kenorland may 
provide clues for the distribution of crust during the 
transition period and how it played out following the 
establishment of modern-style plate tectonics, leading 
up to the aggregation of Kenorland.  
 Because of the insulating effect of large conti-
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nents, the mantle beneath Kenorland would have 
gradually heated up and expanded, turning the geoid-
low into a geoid-high comprised of warm and buoyant 
mantle (Anderson 1982, 2001; Gurnis 1988; Murphy 
and Nance 2013). The establishment of the geoid-high 
would have caused Kenorland to begin to break up as 
outlined in section 5.5.3.3 and shown in figure 30. The 
behavior of different crustal blocks during the Kenor-
land to Rodinia supercontinental cycle (i.e. whether 
they formed part of Nena, Ur or Atlantica-Midgardia) 
would have been conditioned by their relative position 
in Kenorland. The same can of course also be said 
about how they behaved following the breakup of 
Rodinia and the ongoing assembly of Amasia.  
 The silicate Earth thus appear to be a self-
organizing system in which modern-style plate tecton-
ics established a Rodinia- to Rodinia-type superconti-
nental cycle when the thermal conditions could no 
longer sustain the pre-plate tectonic regime (Sizova et 
al. 2010). This would indicate that mantle convection 
is controlled by plate tectonics in what may be equiva-
lent to a “top-down” geodynamic setting (Gurnis 1988; 
Anderson 2001; Murphy & Nance 2013). However, 
“top-down” geodynamic models involve consumption 
of exterior oceans as continents disperse above geoid 
highs and aggregate above geoid lows (Murphy & 
Nance 2013). As Rodinia- to Rodinia-type superconti-
nent cycles involves both consumption of exterior and 
interior oceans (illustrated by stages 1-2 and 3-4 in 
figure 30b, respectively) the full story is undoubtedly 
more complex.  
 Assuming that the Paleoproterozoic accretion-
ary orogens formed along subduction zones, then the 
similar time-scales of the assembly of Columbia and 
Pangea (fig. 26) indicate that plate tectonics operated 
much the same in the Paleoproterozoic as it did in the 
Neoproterozoic and Paleozoic (and by inference to-
day). Differences between the Paleoproterozoic and 
Phanerozoic geological record, e.g. the absence of HP-
LT metamorphic rocks (Stern 2005), may perhaps best 
be accounted for by a higher geotherm (e.g. Condie & 
Kröner 2008; van Hunen et al. 2008) but would in 
such case not have had a significant impact on how 
plate tectonics operated. However, when reviewing the 
Precambrian bedrock of North America, Williams et 
al. (1991) noted that there was a trend towards larger 
continental plates over time as smaller Archean frag-
ments were amalgamated into larger blocks. It could 
be speculated that an increase in lithospheric plate size 
could be a way for the silicate Earth — acting as a 
system — to maintain regular supercontinent cycles in 
response to secular cooling, which would represent a 
change imposed upon the system. In this situation, 
plate tectonics may have been operating differently in 
the Proterozoic in response to a higher geotherm (for 
example by having a greater global ridge length and 
more plates, e.g. Hargraves 1986) even as superconti-
nent cycles operated on the same time scales as in the 
Phanerozoic.  
 
 
5.5.3.5 Continental cells and transfer of blocks 
Since the continental blocks appear to have had largely 
the same role and behavior in the Kenorland-Rodinia 
as in the Rodinia-Amasia cycle (see discussion in sec-
tion 5.5.1) the blocks of West Gondwana/Atlantica-
Midgardia-Ur, East Gondwana/Atlantica-Midgardia-
Ur and Laurasia/Nena may be considered as forming 
three separate “continental cells” (fig. 30a). These 
cells are characterized by the same behavior since the 
onset of the first Rodinia- to Rodinia-type superconti-
nent cycle, following the breakup of Kenorland.  
 This is similar to the long-lived paleocontinents 
Arctica (Nena), Ur and Atlantica proposed by Rogers 
(1996, see also section 5.4), which he suggested had 
remained intact following their formation in the 
Neoarchean-Paleoproterozoic up and until their 
breakup in the Mesozoic. However, the concept of 
continental cells does not require that the continental 
blocks remain amalgamated throughout a given 
Rodinia- to Rodinia-type supercontinental cycle. In-
deed, the behavior of for example the East Gond-
wana/Atlantica-Midgardia-Ur cell is instead character-
ized by successive breakup and amalgamation during 
such a cycle. As such, it is more dynamic than the 
long-lived continents envisioned by Rogers (1996). It 
also assumes that all continental blocks must belong to 
either one of the three cells, which is different from the 
paleocontinents proposed by Rogers (1996). These 
paleocontinents instead acted as nucleuses which inter-
acted with other “independent” continental blocks. 
 Rogers (1996) suggested two ways in which 
continental blocks might have been transferred be-
tween the paleocontinents Arctica (Nena), Ur and At-
lantica; docking or rifting, drifting and accretion. 
Docking takes place when two continents are amalga-
mated and upon breakup does not rift along the origi-
nal suture, leading to the transfer of a part of one con-
tinent to the other. Rifting, drifting and accretion sim-
ply involves the rifting of a block from one continent 
and its accretion against another continent, through 
consumption of intervening oceanic crust. While trans-
fer of continental blocks may be used to describe the 
history of the paleocontinents proposed by Rogers 
(1996), can it also be used to describe the behavior of 
continental blocks in the context of Rodinia- to 
Rodinia-type supercontinent cycles where all continen-
tal blocks form part of a cell?  
 If all continental blocks belong to a given cell 
then transfer should correspond to the movement of a 
given block from one cell to another, with a conse-
quent change in the behavior of that block during a 
Rodinia- to Rodinia-type supercontinental cycle. 
While rifting and drifting of continental blocks take 
place, for example during the breakup of East Gond-
wana/Atlantica-Midgardia-Ur, this movement is actu-
ally a part of how the cell behaves during a superconti-
nent cycle and will not lead to the transfer of the block 
from one cell to another. In the context of Rodinia- to 
Rodinia-type supercontinent cycles involving conti-
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nental cells, docking therefore appears to be the only 
viable mechanism for transfer of continental blocks 
from one cell to another. In addition, transfer through 
docking should only occur during the transition from 
one supercontinent cycle to another (i.e. during the 
breakup of a Rodinia-type supercontinent) as this cor-
responds to the transition period when the continental 
cells are in contact and in the process of breaking up to 
initiate a new supercontinental cycle. 
 The apparent change in behavior of the Kala-
hari Craton, the Volgo-Uralia–Sarmatia blocks, the 
Mawson Continent and the North Australian Craton 
from the Kenorland-Rodinia to the Rodinia-Amasia 
cycle (fig. 30a) are examples of transfer of crustal 
blocks between different continental cells through 
docking. While the Mawson Continent and the North 
Australian Craton belonged to the Laurasia/Nena cell 
during the Kenorland-Rodinia cycle (see section 
5.4.1), they instead formed part of the East Gond-
wana/Atlantica-Midgardia-Ur cell following the 
breakup of Rodinia (compare the Kenorland and 
Rodinia reconstructions in figure 30a). The same situa-
tion applies to Volgo-Uralia–Sarmatia, which formed 
part of the West Gondwana/Atlantica-Midgardia-Ur 
cell in the Kenorland-Rodinia cycle but joined the 
Laurasia/Nena cell during in the Rodinia-Amasia cy-
cle. Finally, while the Kalahari Craton belonged to the 
East Gondwana/Atlantica-Midgardia-Ur cell during 
the Kenorland-Rodinia cycle, it was part of the West 
Gondwana/Atlantica-Midgardia-Ur cell (based on 
Hoffman 1991 and Gray et al. 2007) after the breakup 
of Rodinia (compare Kenorland and Rodinia in figure 
30a). 
 The relationship between the Kalahari Craton, 
the Volgo-Uralia–Sarmatia blocks, the Mawson Conti-
nent and the North Australian Craton suggest that the 
transfer of blocks is a dynamic process wherein the 
Laurasia/Nena cell “lost” the Mawson Continent and 
the North Australian Craton to the East Gond-
wana/Atlantica-Ur cell but at the same time “gained” 
Volgo-Uralia–Sarmatia from the West Gond-
wana/Atlantica cell. Meanwhile, the Kalahari Craton 
was transferred to the West Gondwana/Atlantica-
Midgardia-Ur cell from the East Gondwana/Atlantica-
Midgardia-Ur cell. These relationships indicate that as 
a given cell “loses” a continental block(s) to one cell, 
it will at the same time “gain” a block(s) from the 
other remaining cell. As a consequence, there is rota-
tion of continental blocks between the different cells, 
even as their size remains essentially constant. 
 The long-lived nature of the cells, as well as the 
transfer of crust between them, raises several questions 
regarding plate tectonics and mantle dynamics. For 
example, what is the relationship between the conti-
nental (lithospheric) cells and the underlying astheno-
sphere? Is it possible that the asthenospheric mantle is 
to some extent connected with the cells and has been 
so since the breakup of Kenorland? The breakup of 
East Gondwana/Atlantica-Midgardia-Ur during a 
Rodinia– to Rodinia-type supercontinent cycle do indi-
cate that oceanic crust may form a transient part of 
these “continental” cells. If the cells also include oce-
anic crust, and perhaps part of the asthenospheric man-
tle, it would perhaps be more suitable to call them con-
vective cells, rather than continental. Finally, is the 
transfer of crust between the continental cells from the 
Kenorland-Rodinia to the Rodinia-Amasia cycle an 
attempt to preserve the breakup-angles between the 
cells (shown as dashed red lines in figure 30a, after the 
“inside-out” model for the breakup of Rodinia by 
Hoffman 1991)? If that is the case, is this shift related 
to a different position of the geoid-high during 
breakup of Rodinia compared with Kenorland?  
 The above discussion has only briefly touched 
on some of the differences between the Kenorland-
Rodinia and the Rodinia-Amasia supercontinental cy-
cles such as the absence of an Atlantic-type ocean dur-
ing the Kenorland-Rodinia cycle or the transfer of con-
tinental blocks between different cells form one cycle 
to another. As is evident from these examples, no 
Rodinia- to Rodinia-type supercontinental cycle can 
ever be expected to play out in exactly the same way. 
The combined effect of crustal growth and subduction 
erosion (Scholl & Von Huene 2009; Stern 2011; Ca-
wood et al. 2013) together with the apparent tendency 
towards larger lithospheric plates over time (Williams 
et al. 1991) will also have the consequence that differ-
ent supercontinental cycles should not be expected to 
involve similarly sized or shaped continental blocks. 
These features are in turn superimposed on the secular 
cooling of the Earth, which originally led to the estab-
lishment of modern-style plate tectonics (van Hunen et 
al. 2008; Herzberg et al. 2010; Sizova et al. 2010). 
 Despite these differences, the fundamental 
cyclicity that governs plate movements and mantle 
convection nevertheless appear to be the same during 
both the Kenorland-Rodinia and the Rodinia-Amasia 
supercontinental cycles. This cyclicity can ultimately 
be traced back to the assembly and subsequent 
breakup of Kenorland. Changes during the operation 
of these cycles are only superimposed on the original 
fundamental (first-order?) cyclicity but mean that suc-
cessive Rodinia- to Rodinia-type supercontinental cy-
cles will gradually diverge from the original cycle (i.e. 
the Kenorland-Rodinia cycle). The opening of the At-
lantic Ocean during the Rodinia-Amasia cycle is a 
good example of this, as it contrasts with the assumed 
failed attempts to open a similar ocean during the 
Kenorland-Rodinia cycle. Although they may vary in 
detail, the concept of Rodinia- to Rodinia-type super-
continental cycles can provide a framework for under-
standing plate movements during successive cycles. 
 
6 Synthesis 
 
6.1 The Birimian event in the Baoulé 
Mossi domain 
The model presented above for the evolution of the 
Man and Baoulé Mossi domains during the Birimian 
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event is an attempt to synthesize presently available 
data from these domains and place it in a realistic — 
albeit undoubtedly simplistic — and internally consis-
tent model. While it represents one possible interpreta-
tion there are certainly others which may be equally 
valid. Due to the scarcity of good data from many 
parts of the Birimian crust in the WAC the model by 
necessity only covers the broadest aspects of the geo-
dynamic evolution. The geodynamic model also suf-
fers from a lack of structural data. Future develop-
ments should attempt to incorporate detailed tectono-
thermal data and attempt to connect this with the broad 
aspects of the geodynamic evolution within the Baoulé 
Mossi domain. 
 The geodynamic evolution of the Baoulé Mossi 
domain can be broadly characterized by an early accre-
tionary stage followed by collision as the Birimian 
crust is juxtaposed with the Archean crust of the Man 
domain. The Archean crust in southeastern Ghana (and 
perhaps the Amapá block) appears to have been ac-
creted earlier. This two-stage (accretionary-collisional) 
evolution has previously been recognized by workers 
in different parts of the Baoulé Mossi domain (e.g. 
Feybesse & Milési 1994; Vidal et al. 1996; Hirdes & 
Davis 2002; Feybesse et al. 2006; Baratoux et al. 
2011).  
 However, the geodynamic model presented 
here emphasizes the diverse geodynamic settings 
within the Baoulé Mossi domain during the Eburnean 
phases which involve both collisional and accretionary 
settings. This is particularly true for the EII phase dur-
ing which the southern part of the Baoulé Mossi do-
main (and its extension into the Guyana shield) is sub-
jected to compression due to collision with the Man 
domain while central-northwestern Baoulé Mossi is 
subjected to extension in response to slab rollback. 
Meanwhile, northeastern Baoulé Mossi experienced 
little magmatic activity during or after the EII phase 
and appears to have been effectively shut off from the 
(magmatic, but perhaps also tectonothermal) activity 
affecting other parts of the Baoulé Mossi domain at 
this stage. 
 During the EII phase, the EIIB crustal domains 
(i.e. the Bandama-Banfora and Comoé-Sunyani sedi-
mentary basins) assume an intermediate position be-
tween areas affected by extension and compression. 
Opening of the sedimentary basins may have been 
triggered by slab rollback were extension preferen-
tially occurred along older structures established dur-
ing the EI phase. Subsequent closure of these basins 
and emplacement of leucogranites within them may be 
attributed to post-collisional sinistral shearing. The 
leucogranites (2095-2080 Ma) assume a temporally 
intermediate position between peak metamorphism 
and late UTH-metamorphism in the Bakhuis belt (fig. 
20). The apparent end of leucogranite emplacement at 
2080 Ma may mark the point in time when the Baoulé 
Mossi domain began to experience post-collisional 
extension.  
 The Eburnean phases are characterized by the 
interaction between Archean and Birimian crust during 
a collision in which part of the eastward dipping sub-
duction zone along the western margin of the Birimian 
crust remained active. As this collision may well have 
triggered slab rollback in the still active subduction 
zone (perhaps similar to the Banda arc following colli-
sion between Australia and Southeast Asia, e.g. Hall 
2011) it would also have been a major factor in the 
geodynamic evolution of the areas outside of the im-
mediate collision zone, such as the EII crustal do-
mains. 
 Birimian magmatic and tectonothermal activity 
in the Baoulé Mossi domain can be explained largely 
by modern-style plate tectonic processes and may be 
comparable to modern settings that are defined by a 
high heat flow due to long-lived subduction, e.g. Sun-
daland (Hall 2011) in Southeast Asia or the North 
American Cordilleras (Hyndman et al. 2005; Hyndman 
2010). However, the presence of komatiites in the 
Niandan range suggests that the Birimian crust was 
nevertheless characterized by a higher geotherm than 
modern accretionary orogens. Using the terminology 
of Chardon et al. (2009), the Birimian event in the 
Baoulé Mossi domain and the Guiana shield would 
correspond to a mix of ultra-hot and mixed hot oro-
genic styles. The former corresponds to the accretion-
ary stage of the Birimian event while the latter records 
the interaction between cooler and more rigid Archean 
crust with hot and weak Birimian crust during the col-
lisional stage. 
 Many aspects of the Birimian event in the 
Baoulé Mossi domain remains poorly constrained. 
This includes the timing of high-P granulite metamor-
phism in southeastern Man domain, timing of collision 
between Archean and Birimian crust in eastern Baoulé 
Mossi as well as the extent of Archean crust in north-
western and southeastern (SASCA domain) Ivory 
Coast. Also, more constraints are needed on the cou-
pled P-T-t-D history of Birmian crust within the 
Baoulé Mossi domain. Extension appears to have been 
important throughout the Birimian event and its effect 
could potentially be traced with coupled P-T-t-D data. 
The sedimentation history (transgressions, retrogres-
sions etc.) and environment (lacustrine, marine or tran-
sitional) of the sedimentary basins may also yield fur-
ther insight into the geodynamic history of the Baoulé 
Mossi domain. 
 The geodynamic model accounts for many 
characteristics of the Birimian event in the Baoulé 
Mossi domain and its extension into the Guiana shield. 
This includes the spatial and temporal distribution of 
magmatism as well as the broad aspects of the tectono-
thermal activity experienced by these areas. The model 
may form the basis for future geodynamic models, 
which take into account more detailed lithological, 
structural, metamorphic, geochemical and geochro-
nological data. 
 
6.2 The Birimian event in a global context 
The Birimian event has been largely overlooked in the 
86 
literature regarding its role in supercontinent cycles 
and Paleoproterozoic environmental perturbations. 
However, it is important to recognize that the event 
culminates with the assembly of a continent between 
2.10-1.95 Ga involving crustal blocks now located in 
Africa and South America but also (as discussed in 
sections 5.4 and 5.5.1) crust now present in East Ant-
arctica, Western Australia and India. Equally impor-
tant is to recognize that this collisional phase was pre-
ceded by long accretionary orogenic activity, perhaps 
extending as far back as 2.40 Ga.  
 The comparison between the assembly of At-
lantica-Midgardia-Ur during the Birimian event and 
the assembly of Gondwana stems from the similarities 
between the Birimian crust in the WAC and Amazon 
Craton and the East African Orogen. These areas have  
extensive tracts of juvenile crust as well as accretion-
ary and collisional stages of equivalent temporal ex-
tent. In addition, the development of accretionary oro-
gens outboard to at least the “Midgardia-section” (e.g. 
Fraga et al. 2009b; Johansson 2009) of Atlantica-
Midgardia-Ur is reminiscent of the Terra Australis 
accretionary orogeny, which developed outboard to 
Gondwana in the Neoproterozoic (Cawood & Buchan 
2007). The diachronous assembly of Atlantica-
Midgardia-Ur is also similar to the assembly of Gond-
wana were collisional orogens in the west began and 
ended earlier than those in the east, although they 
partly overlapped (e.g. Meert & Lieberman 2008; Fritz 
et al. 2013). Further comparisons between Atlantica-
Midgardia-Ur and Gondwana requires more detailed 
reconstructions of the former, incorporating lithologi-
cal, structural, metamorphic, geochemical and  paleo-
magnetic data. 
 If accepting that Atlantica-Midgardia-Ur as-
sembled in the same manner as Gondwana, then the 
breakup of Archean crust now present in North Amer-
ica, Greenland, Fennoscandia and Siberia during the 
Paleoproterozoic (e.g. Lahtinen et al. 2008; Ernst & 
Bleeker 2010) can be considered as equivalent to the 
breakup between Laurentia, the East European Craton, 
WAC and Amazon Craton during the Neoproterozoic, 
which coincided with the amalgamation of Gondwana 
(e.g. Johansson 2009; Nance et al. 2010; Stampfli et al. 
2013). The subsequent assembly of the Archean conti-
nental blocks in North America, Greenland, Fenno-
scandia and Siberia along 2.10-1.80 Ga accretionary 
orogenic belts (e.g. Lahtinen et al. 2008; Whitmeyer & 
Karlstrom 2007) would by analogy be equivalent to 
the assembly of Laurasia. Amalgamation of the Fenno-
scandian crustal block with Volgo-Uralia-Sarmatia 
between 1.8-1.7 Ga (Bogdanova et al. 2008) may be 
equivalent with the Variscan-Hercynian orogeny when 
Laurasia and Gondwana merged to form Pangea (e.g. 
Stampfli et al. 2013). 
 The similarities between the assembly of Co-
lumbia and Pangea form the basis for the hypothesis 
that there are only two types of supercontinents — a 
Rodinia- and a Pangea-type — which form in alter-
nately occurring iterations. As indicated by the simi-
larities between Columbia and Pangea different super-
continent iterations assemble in the same sequence of 
events, played out over the same timescales and in 
which the participating crustal blocks assume largely 
the same relative positions. The hypothesis only con-
siders the broad features of the assembly and breakup 
of a given supercontinent. Differences between subse-
quent iterations of a particular supercontinent type, 
such as the size and shape of crustal blocks, have evi-
dently existed (see section 5.5.3.5).  
 Placing Ur next to Atlantic-Midgardia as shown 
in figure 24b may be somewhat forced, considering 
that it is here only based on limited — and admittedly 
selective — geological data. However, as discussed 
above, the idea of supercontinent iterations requires 
that the crustal blocks assume largely the same relative 
position in subsequent iterations. For this reason, 
crustal blocks that formed part of East Gondwana 
(largely corresponding to Ur, see figure 25 and section 
5.4.3) should also have been present east of Atlantica-
Midgardia. However, transfer of crustal blocks (see 
section 5.5.3.5) between different supercontinent itera-
tions mean that not all crust in East Gondwana formed 
part of an East Atlantica-Midgardia paleocontinent. 
Determining the paleogeographic location of the conti-
nental blocks that constituted West Atlantica-
Midgardia-Ur and East Atlantica-Midgardia-Ur will 
require more detailed geological and paleomagnetic 
data. 
 The correlation between positive excursions of 
δ13C and 87Sr/86Sr and the accretionary and collisional 
stages of Gondwana and Atlantica-Midgardia-Ur (fig. 
28) can be taken as further support for supercontinent 
cycles involving Rodinia- and Pangea-type superconti-
nents. It also suggests that there is a connection be-
tween Rodinia- to Pangea-type supercontinent cycles 
and oxygenation events during the early and late Pro-
terozoic. 
 The similarities between the tectonic evolution 
during the assembly of Columbia in the Paleoprotero-
zoic and Pangea in the Neoproterozoic-Paleozoic (fig. 
26) — coupled with the coeval and equivalent envi-
ronmental perturbations during these periods (fig. 28) 
— suggests that the processes related to the breakup of 
Rodinia can also be applied, with some modifications, 
to the breakup of Kenorland in the Neoarchean. This 
assumes that there was indeed one Neoarchean super-
continent as opposed to several smaller continents 
(Rogers 1996; Aspler & Chiarenzelli 1998; Bleeker 
2003).  
 If Kenorland was the first supercontinent, 
“true” supercontinent cycles should correspond to the 
breakup of one Rodinia-type supercontinent and the 
assembly of the subsequent iteration of a Rodinia-type 
supercontinent. In this context, supercontinents such as 
Columbia, Pangea or Pannotia only represent transient 
stages during which enough crust (>75%, see Meert 
2012) is aggregated to form a supercontinent. Even 
though they are here referred to as cycles, no Rodinia- 
to Rodinia-type supercontinent cycle is exactly the 
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same (exemplified by the apparent absence of an At-
lantic-type ocean during the Kenorland- Rodinia cy-
cle). However, they reflect the same underlying behav-
ior and cyclicity, which can be traced back to the 
breakup of Kenorland in the Paleoproterozoic. 
 Because of the consistent behavior of continen-
tal blocks since the breakup of Kenorland, they may be 
grouped into three cells. These cells correspond to 
West Gondwana, Laurasia and East Gondwana during 
the Rodinia-Amasia cycle and their equivalents West 
Atlantica-Midgardia-Ur, Nena and East Atlantic-
Midgardia-Ur during the Kenorland-Rodinia cycle. 
Transfer of continental blocks between cells may oc-
cur during the breakup of a given Rodinia-type super-
continent iteration, which correspond to the transition 
between two Rodinia- to Rodinia-type supercontinent 
cycles. Transfer occurs through docking and appears 
to be a dynamic process in which a given cell “loses” a 
continental block(s) to one cell but at the same time 
“gains” a block(s) from the other cell. This lead to a 
rotation of continental blocks between the cells, even 
as the size of the cells remains essentially constant. 
 A problem with this hypothesis is that there is 
so far only four possible supercontinents recognized, a 
fifth — Amasia — is currently being assembled. As-
suming that there was one Neoarchean supercontinent 
this means that there has been two iterations each of a 
Rodinia- and Pangea-type supercontinent. There are 
therefore too few supercontinents to form an identifi-
able trend which obviously presents a problem when 
trying to identify cycles and iterations among them. 
However, there is not much that can be done regarding 
this aspect. While the lack of an identifiable trend is 
problematic it may be attributed to insufficient time 
passing since the supercontinent cycles were estab-
lished in the late Neoarchean (fig. 27) to allow for the 
formation of multiple (>3) iterations of each supercon-
tinent type and multiple Rodinia- to Rodinia-type su-
percontinent cycles. The lack of a trend is therefore 
not evidence for the absence of supercontinent cycles 
and iterations.  
 As it stands, the idea of supercontinent cycles 
involving only two alternating types of superconti-
nents (i.e. Rodinia or Pangea) is based primarily on the 
similarities between the assembly of Columbia in the 
late Paleoproterozoic and Pangea in the late Paleozoic. 
However, it is further supported by the behavior of 
δ13C and 87Sr/86Sr. More data is needed from the pro-
posed Rodinia-type supercontinents (Kenorland, 
Rodinia and Amasia) to test the hypothesis. Despite 
uncertainties regarding the Rodinia-type superconti-
nents and the position of Ur, the simplicity of the hy-
pothesis is by itself appealing. If correct, the idea of 
Rodinia- and Pangea-type supercontinents and itera-
tions have the potential of providing constraints re-
garding the paleogeographic position of continental 
blocks going back to at least the Neoarchean, but also 
into the future.  
 The depictions of how continental blocks 
moved during the Kenorland-Rodinia and ongoing 
Rodinia-Amasia cycles are largely conceptual. While 
the reconstructions used in this work may be detailed 
enough to convey broad movements and trends during 
supercontinental cycles, they are also vague enough 
not to hinge on specific details regarding e.g. the exact 
position and orientation of continental blocks. How-
ever, this “vagueness” is of course also a weakness, as 
the model remains unproven. Time-dependent recon-
structions — which account for all continental blocks 
and associated tectonothermal and magmatic activity 
— coupled with sedimentological, paleoclimatic and 
paleomagnetic data will be required to further test the 
validity of Rodinia- to Rodinia-type supercontinent 
cycles. 
 
7 Conclusions 
 The geodynamic evolution of Birimian crust in 
the southern West African Craton can be di-
vided into four phases which; the Eoeburnean 
(EE, >2.13 Ga), Eburnean I (EI, 2.13-2.10 Ga), 
Eburnean II (EII, 2.10-2.07 Ga) and Eburnean 
III (EIII, <2.07 Ga). Although they have dis-
tinct characteristics, the phases nevertheless 
form part of a continuum and their temporal 
extent is only approximate. The Eburnean 
phases are equivalent to the Eburnean orogeny 
(e.g. Feybesse et al. 2006, Pouclet et al. 2006 
and de Kock et al. 2012) and exerted the 
strongest control on the structure of the 
Birimian crust; this particularly applies to the 
first two phases. 
 The EE phase corresponds to a period of juve-
nile crustal growth but also involved Archean 
crust at an early stage, perhaps as early as 2.20 
Ga. The geochemical composition of volcanic 
and intrusive rocks indicates that this took place 
in an intra-oceanic accretionary orogenic set-
ting. Emplacement of granites along with coe-
val deformation at 2.20-2.19 and 2.16-2.15 Ga 
indicate a complex geodynamic history, which 
involved both compression and extension 
within an accretionary orogenic setting. Such 
events may have been triggered by collision 
between arc terranes, changes in global plate 
geometry or a transition from flat to steep sub-
duction (or vice versa).  
 The EE crust in the Baoulé Mossi domain 
might have amalgamated around 2.15 Ga al-
though subduction and accretion remained ac-
tive outboard of this nucleus to its current west. 
The last 20 Myr constituted a transition period 
between the EE and EI phases, which may have 
involved west-directed subduction rollback 
with early basin opening. 
 During the EI phase Birimian crust of the 
southernmost Baoulé Mossi domain and its 
extension in the Amazon Craton began to be 
squeezed between Archean and Siderian-early 
Rhyacian crust in the present-day east and the 
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Archean crust of the Man domain in the west. 
However, the rest of the Baoulé Mossi domain 
saw continued slab rollback, which may have 
provided an extensional force for opening of 
sedimentary basins. The structures established 
in the Baoulé Mossi domain during the EI 
phase may record block rotation and represent 
the interaction between slab rollback and early 
collision.  
 Intrusions of K-rich rocks in eastern Baoulé 
Mossi during the later part of the EI phase such 
as the Winneba (sample 001A, Appendix A), 
Tonton (Adadey et al. 2009) and Tenkodogo-
Yamba (Naba et al. 2004) plutons may record 
the progressive movement of the trench to-
wards the west due to slab rollback. Rollback 
may have been triggered by early oblique im-
pingement of the Archean crust in the Man do-
main on the Birimian crust. 
 The geodynamic evolution in different parts of 
the Baoulé Mossi domain during the Eburnean 
II phase was very diverse. Different areas of the 
Baoulé Mossi domain was subject to both com-
pression (EE, EI and EIIB domains in Ivory 
Coast and Ghana) and extension (EIIA domain 
in Guinea and Senegal) even as some areas 
were largely unaffected, at least by magmatic 
activity (EE and EI domains in Burkina Faso). 
The contrasting geodynamic histories of differ-
ent areas of the Baoulé Mossi domain reflect an 
interplay between stresses applied upon the 
thin, hot and weak Birmian crust as it con-
verged with more rigid Archean cratons in the 
south while subduction rollback occurred in the 
northwest. In some cases, structures established 
during earlier stages of convergence controlled 
the location of subsequent deformation and/or 
magmatism.      
 The formation of the EIIA domain with associ-
ated alkali-calcic magmatism and komatiite-
basalt volcanics indicate that the area was sub-
jected to a large degree of extension. This may 
be attributed to slab rollback in response to the 
collision of the Archean crust of the Man do-
main with the Birimian crust of the Baoulé 
Mossi domain, which at this time reached its 
peak. The EIIA domain may perhaps be con-
nected with the Eglab and Yetti massifs in the 
Reguibat shield, which together may constitute 
an example of a Paleoproterozoic siliceous 
large igneous province. 
 Cooling and stabilization of the Birimian crust 
in the Baoulé Mossi domain characterized the 
EIII phase. Crustal anatexis in the southeastern 
Man domain took place in response to post-
collisional relaxation following the orogenic 
peak during the EII phase. Late alkaline intru-
sions and reactivation of shear zones may be 
far-field effects of accretionary orogens out-
board of the amalgamated Birmian crust in the 
Baoulé Mossi domain, e.g. in the Amazon Cra-
ton. 
 The formation of the Birimian crust may be 
accounted for by processes which take place in 
modern tectonic setting that have a high geo-
therm. A key aspect is that modern backarcs are 
defined by a high heat flow and thin lithosphere 
(e.g. Hyndman et al. 2005). If the interpretation 
that the Birimian crust originated as amalga-
mated arc terranes is correct it follows that the 
crust should also have the characteristics of 
modern backarcs, reflecting long-lived subduc-
tion. Modern backarcs such as Sundaland in SE 
Asia (Hall 2011) or the North American Cordil-
leras (Hyndman 2010)  show that such areas 
may be affected by widespread shearing, intra-
plate deformation, lower crustal flow or detach-
ment and vertical motions; all owing to the 
weak and hot nature of the lithosphere. How-
ever, the presence of komatiites, traditionally 
associated with hot mantle plumes, in the 
Baoulé Mossi domain nevertheless indicates 
that the geotherm was indeed higher compared 
to modern backarcs.   
 From a plate tectonic perspective there are sev-
eral similarities between the assembly of the 
Atlantica-Midgardia continent and that of 
Gondwana in the late Neoproterozoic-early 
Paleozoic, both in terms of geometry, time-
scales and the crustal blocks involved. In par-
ticular, the Birimian crust in the West African 
Craton and Amazon Craton shows many simi-
larities with the Neoproterozoic East African 
Orogen which might indicate that these areas 
assumed the same relative position during the 
assembly of Atlantica-Midgardia and Gond-
wana, respectively.  
 Similarities between Columbia and Pangea hint 
at a supercontinent cyclicity in which there is 
two fundamental supercontinent types — 
Rodinia and Pangea — that occur alternately in 
cycles going from a Rodinia to Pangea-type, or 
vice versa. Different iterations of the supercon-
tinents involve largely the same crustal blocks 
in the same relative positions. Rodinia- to 
Pangea- cycles are associated with the Paleo-
proterozoic Great Oxidation Event and the Neo-
proterozoic Oxygenation Event which indicate 
that this type of cycles may have exerted a 
strong control on the evolution of Earth’s at-
mosphere and, by extension, the rise of metazo-
ans in the Phanerozoic.  
 The first supercontinent to have formed appears 
to have been Kenorland in the late Neoarchean. 
Therefore, supercontinental cycles involving 
the breakup of one Rodinia-type supercontinent 
and the subsequent assembly of the next 
Rodinia-type supercontinent (i.e. Kenorland-
Rodinia and Rodinia-Amasia) represent “true” 
supercontinent cycles. In this context, supercon-
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tinents such as Columbia, Pannotia or Pangea 
are only transient stages during which enough 
crust is aggregated to constitute a superconti-
nent.  
 Based on the similarities between the assembly 
of Columbia and Pangea, breakup of Kenorland 
and assembly of Rodinia in the Paleo- and 
Mesoproterozoic probably mirrored the “inside-
out” breakup of Rodinia (Hoffman 1991) and 
the ongoing assembly of Amasia. During the 
Kenorland-Amasia cycle, Atlantica-Midgardia, 
Nena and Ur (see section 5.4) therefore as-
sumed the same relative role as West Gond-
wana, Laurasia and East Gondwana, respec-
tively, in the current Rodinia-Amasia cycle,  
 The consistent behavior of most continental 
blocks since the breakup of Kenorland suggests 
that they may be divided into “continental 
cells” comprising the continental blocks in 
West Gondwana/Atlantica, Laurasia/Nena and 
East Gondwana/Atlantica (Ur). Each cell is 
characterized by a particular behavior during a 
Rodinia- to Rodinia-type supercontinent cycle. 
Transfer of continental blocks between cells 
may take place during the breakup of a 
Rodinia-type supercontinent. Transfer appear to 
occur in a dynamic fashion in which a given 
cell “loses” a block to one cell but at the same 
time “gains” a block from another cell. 
 Although there are differences between the 
Kenorland-Rodinia and Rodinia-Amasia cycles 
— exemplified by the apparent absence of an 
Atlantic-type ocean during the Proterozoic — 
they are still controlled by the same fundamen-
tal cyclicity that was established during the 
breakup of Kenorland.  
 
8 Future work 
 Continue to collect published geochronological 
and geochemical (whole rock and isotopic) data 
from Birimian crust in the WAC, preferably in 
GIS based databases, and expand this to include 
published metamorphic and structural data. 
Metamorphic data should include quantitative 
P-T estimates as well as metamorphic index 
minerals and mineral assemblages.  
 Using the GIS databases together with pub-
lished geological maps to digitize a new, GIS-
based geological map (scale 1:2,000,000?) for 
the Baoulé Mossi and Man domains, which 
should also include a simplified metamorphic 
map. This should be done using lithological 
divisions which can be extrapolated to Birimian 
crust elsewhere, such as the São Luís Craton, 
Reguibat shield and Amazon Craton. This will 
allow for better comparative studies between 
these areas. 
 The lithological divisions for such a new geo-
logical map should try to incorporate the com-
positional variety among intrusive rocks (for 
example using the classification system of Le 
Maitre et al. 2002 in a similar manner to 
Stephens et al. 2009) and the different deposi-
tional environments (deep or shallow water, 
marine or lacustrine, cf. Johnson et al. 2011) 
and magmatic styles of the sedimentary basins. 
Recognizing the spatial (and temporal) extent 
of these characteristics is essential for further 
refined geodynamic models for the Birimian 
event. 
 Define geological domains based on lithologi-
cal, structural, chemical and geochronological 
data for which lithostratigraphic columns may 
be constructed. These may subsequently form 
the basis for comparative studies between these 
different domains.  
 GIS databases should also be expanded to cra-
tons and orogenic belts outside of the WAC 
which contain Birimian crust. Such databases 
should at least include geochronological and 
isotopic (Sm-Nd) data as well as the timing and 
extent of granulite and eclogite (if and were 
present) facies metamorphism, as a marker for 
collisional orogens. This can subsequently be 
used to trace the assembly of the Atlantica-
Midgardia-Ur continent. 
 Considering other cratons and orogenic belts 
outside of the WAC, a particular focus should 
be placed on the Amazon Craton because of its 
relatively well constrained relationship with the 
WAC (e.g. Onstott et al. 1984; Nomade et al. 
2003), its large exposures of Birimian and Ar-
chean crust, and its importance for understand-
ing the geodynamic evolution within the 
Baoulé Mossi domain. 
 The importance of working on now separate 
cratons in order to understand the geodynamic 
evolution during the Birimian event requires 
accurate plate tectonic reconstructions. Plate 
reconstruction software such as GPlates 
(Williams et al. 2012) is compatible with com-
mon GIS file formats. This makes it possible to 
combine GIS datasets, containing e.g. geochro-
nological and metamorphic data, together with 
geological maps (with a common legend, see 
above) from different cratons to make more 
geometrically accurate plate reconstructions. 
 Make a more detailed comparative study be-
tween the Birimian event in the WAC-Amazon 
Craton and the East African Orogen in particu-
lar and the assembly of Atlantica-Midgardia-Ur 
and Gondwana in general. Here, the focus 
should be on similarities or differences relating 
to the timing, duration and style of tectonother-
mal and magmatic activity. Robust paleomag-
netic data, were available, should also be incor-
porated. This should subsequently be related to 
the environmental perturbations which took 
place during the assembly of these respective 
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paleocontinents (i.e. the Paleoproterozoic Great 
Oxidation Event and the Neoproterozoic Oxy-
genation Event, see figure 28).  
 Further investigations into supercontinent cy-
cles and iterations should include detailed com-
pilation of the geological history of continental 
blocks across the Earth which — together with 
robust paleomagnetic data — can be used to 
make reconstructions of their movements dur-
ing Rodinia- to Rodinia-type supercontinent 
cycles. Ultimately, since supercontinent cycles 
and iterations are global and span at least the 
Proterozoic and Phanerozoic, further investiga-
tions will eventually require global datasets 
including lithological, geochronologic, isotopic, 
paleomagnetic and paleoclimatic data. 
 Petrological studies investigating the differ-
ences between magmatism during different 
phases and areas of the Birimian event regard-
ing features such as contributing sources and P-
T conditions at the time of melting. This could 
for example take the shape of a comparative 
study between the Kumasi, Sunyani and 
Maluwe basins to identify secular trends in 
magmatic style. 
 Cataloguing the spatial and temporal distribu-
tion of (black) shales within the Birimian crust 
to determine whether the relative abundance of 
shales can account for the positive carbon-
isotope excursion during the Lomagundi-Jatuli 
Event. Re-Os dating on black shales may be 
able to provide accurate temporal constraints on 
the age of deposition, as could intrusive and 
stratigraphic relationships with other dated 
rocks. 
 Locate Birimian carbonates that can be ana-
lyzed for carbon isotopes. The presence of ex-
trusive and intrusive rocks within the Birimian 
crust may present opportunities to date more 
precisely the depositional age of such carbon-
ates that can improve the temporal resolution of 
the Lomagundi-Jatuli Event (e.g. Melezhik et 
al. 2013).  
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Appendix A 
Sample locations shown on a simplified geological map after Agyei Duodu et al (2009) with modifcations by Adadey et al. 
(2009), Baratoux et al. (2011) and field obervations by A. Scherstén.  Projected using Ghana Metre Grid (Leigon datum). ASGH 
prefix is omitted from the sample ID.  
 
Sample data is given in table 1 (brief descriptive data), 2 (radiometric data) and 3 (whole-rock geochemistry).  
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Sample Age (Ma) Method Source Reference 
ASGH 001A 2113±1 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 003A 2124±3 SIMS on zircon Measured Anders Schersten (unpublished) 
ASGH 003B 2124±3 SIMS on zircon Inferred Anders Schersten (unpublished) 
ASGH 004B 2174±2 TIMS on zircon Inferred Oberthur et al. 1998 
ASGH 007A 2172±12 SIMS on zircon Measured Anders Schersten (unpublished) 
ASGH 019A 2169±13 SIMS on zircon Measured Anders Schersten (unpublished) 
ASGH 022A 2094±4 SIMS on zircon Measured Anders Schersten (unpublished) 
ASGH 022D 2094±4 SIMS on zircon Inferred Anders Schersten (unpublished) 
ASGH 022E 2094±4 SIMS on zircon Inferred Anders Schersten (unpublished) 
ASGH 039A 2130±10 SIMS on zircon Inferred Anders Schersten (unpublished) 
ASGH 045A 2121±4 SHRIMP on zircon Inferred de Kock et al. 2009 
ASGH 047A 2195±4 SHRIMP on zircon Inferred Siegfried et al. 2009 
ASGH 048A 2128±20 SHRIMP on zircon Inferred Siegfried et al. 2009 
ASGH 070A 2124±2 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 075A 2112±1 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 082A 2156±1 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 084A 2156±1 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 095A 2134±1 TIMS on zircon Inferred Agyei Duodu et al. 2009 
ASGH 097A 2150-2168 TIMS on zircon Inferred Agyei Duodu et al. 2009 
PK101 2130±10 SIMS on zircon Measured Anders Schersten (unpublished) 
PK102 2180±4 SIMS on zircon Measured Anders Schersten (unpublished) 
PK103 2134±10 SIMS on zircon Measured Anders Schersten (unpublished) 
PK105 2232±5 SIMS on zircon Measured Anders Schersten (unpublished) 
Sample eNdt eNdt source eNdt reference 
ASGH 001A -5,4 Inferred Leube et al. 1990 
ASGH 003A 1,5 Measured Anders Schersten (unpublished) 
ASGH 007A 1,4 Measured Anders Schersten (unpublished) 
ASGH 019A 1,7 Measured Anders Schersten (unpublished) 
ASGH 022A 1,1 Measured Anders Schersten (unpublished) 
PK102 1,7 Measured Anders Schersten (unpublished) 
PK105 1,7 Measured Anders Schersten (unpublished) 
Table 2a. Measured or inferred radiometric ages for samples presented in table 1. Inferred ages include those 
obtained from the same outcrop or other localities interpreted as being coeval with the given sample. 
Table 2b. eNdt values for samples presented in table 1. Inferred isotpic data for sample ASGH 001A from the 
same pluton (Winneba) 
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Table 3. Major and trace elements for analyzed samples. Analyzed at ACME laboratories (acmelab.com, last accessed 2013-12-
03) 
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Table 3 continued 
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Table 3 continued 
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Table 3 continued 
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